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1. Field of the Invention 

The present invention relates to a display panel in which a Ivtzht emitrins 
element is formed on a substrate and is sandwiched between the substrate and a 
cover member. The invention also relates to a display module obtained by 
mounting IC to the display panel. In this specification, the display panel and the 
display module are called by a generic term, light emitting device. The present 
invention also relates to a method of driving the hght emitting dc\'ice and to 
electronic equipment using the light emitting device. 

2. Description of the Related Art 

Being self-luminous, light emitting elements eliminate the need for back Ivjlit 
necessary in liquid crystal display devices (LCDs) and therefore can make thinner 
devices. In addition, light emitting elements have higher visibility and no limitation 
in terms of viewing angle, and these are the reasons for attention tiiat light emitting 
devices using light emitting elements are receiving in recent years as display devices 
to replace CRTs and LCDs. 

A light emitting element has a layer containing an organic compound that 
provides luminescence (electro luminescence) generated upon application of electric 
field (hereinafter referred to as organic compound layer), as well as an anode layer 
and a cathode layer. Luminescence provided by organic compounds is divided into 
light emission upon return to base state from singlet excitation (fluorescence) and 
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light emission upon return to base state from triplet excitation (pht^sphorescence). 
Both t\^pes of light emission can be used in a light emittmg device of the present 
invention. 

All the layers that are provided between an anode and a cathode are an 
organic compound layer in this specification. Specifically, the organic compound 
layer includes a light emitting layer, a hole injection layer, an electron injection 
layer, a hole transporting layer, an electron transporting layer, etc. A basic structure 
of a light emitting element is a laminate of an anode, a light emitting layer, and a 
cathode layered in this order. The basic structure can be modified into a laiiiinate 
of an anode, a hole injection layer, a light emitting layer, and a cathode layered in 
this order, or a laminate of an anode, a hole injection layer, a light emitting layer, 
an electron transporting layer, and a cathode layered in this order. 

In this specification, making a light emitting element emit light is expressed 
as driving the light emitting element. The light emitting element as defined herein 
is an element that is composed of an anode, an organic compound layer, and a 
cathode. 

Methods of driving a light emitting device having a light emitting element are 
roughly divided into analog driving methods and digital driving methods. Digital 
driving is deemed more promising in view of transition from analog broadcasting to 
digital broadcasting since it enables the light emitting device to display an image 
using a digital video signal that carries image information as it is without converting 
the signal into an analog signal. 

Among the driving methods that obtain gradation display by binary voltages 
of digital video signals, there is a time division driving method in which ieiigths of 
time for lighting a pixel are controlled to obtain gradation display. 

In the time division driving method, one frame period is divided into a plurality- 



of sub-frame periods. In each sub-frame period, to be lit or not is determined for the 
respective pixels in accordance with digital video signals. The accumulated lengths 
of sub-frame periods during which a pixel is lit with respect to the length of the 
entire sub-frame periods in one frame period determine the gradation of that 
pixel. 

Described below are the structure of a pixel portion in a common light 
emitting device, and a driving method thereof. 

Fig. 17A is an enlarged view of a pixel portion 7000 in a common light 
emitting device. The pixel portion 7000 has source signal lines SI to Sx, power 
supply lines VI to Vx, and gate signal lines Gl to Gy. 

A region provided with one of the source signal lines SI to Sx, one of the 
power supply lines \T to Vx, and one of the gate signal lines Gl to Gy corresponds 
to a pixel 7001. The pixel portion 7000 has a plurality- of pixels that are arranged 
to form a matrix. 

Fig, 17B shows an enlarged view of the pixel 7001. The pixel 7001 has a 
source signal line Si (one of the source signal lines S 1 to Sx) , a power supply line Vi 
(one of the power supply lines VI to Vx), and a gate signal line Gj (one of the gate 
signal lines Gl to Gy). 

The pixel 7001 also has a switching TFT 7002, a driving TFT 7003, a light 
emitting element 7004, and a capacitor 7005. 

The switching TFT 7002 has a gate electrode connected to the gate signal line 
Gj. The switching TFT 7002 also has a source region and a drain region one of 
which is connected to the source signal line Si and the other of which is connected 
to a gate electrode of the driving TFT 7003 and to the capacitor 7005. 

The driving TFT 7003 has a source region and a drain region one of which is 
connected to the power supply line Vi and the other of which is connected to a 



pixel electrode of the light emitting element 7004. The power supply line is 
connected to the capacitor 7005. 

The light emitting element 7004 is composed of an anode, a cathtvle, and an 
organic compound layer placed between the anode and the cathode. If the ant>de 
is in contact with the source region or the drain region of the driving TFT 7003, the 
anode serves as the pixel electrode whereas the cathode serves as an opposite 
electrode. On the other hand, the cathode serves as the pixel electrode whereas the 
anode serves as the opposite electrode if the cathode is in contact with the source 
region or the drain region of the driving TFT 7003. 

The opposite electrode of the light emitting element 7004 is provided with a 
given electric potential (opposite electric potential) . The power supply line Vi is 
provided with a given electric potential (power supply electric potential). The 
power supply electric potential and the opposite electric potential arc supplied from 
a power source provided in an external IC or the like to the display panel. 

The light emitting device structured as shown in Figs. 17 A and 17B is driven 
by the time division driving method to display an image. The operation thereof is 
described next with reference to Fig. 18, In the time division driving method, one 
frame period has a plurality of sub-frame periods. Fig. 18 shows points at which sub- 
frame periods are started in the light emitting device structured as shown in Figs. 
17A and 17B, and the axis of abscissa indicates the time scale whereas the axis of 
ordinate indicates positions of gate signal lines. 

In Fig. 18, one frame period has n (n is a natural number) sub-frame periods 
SFl to SFn. In each of the n sub-frame periods, digital video signals equivalent to 
one bit are inputted to each of the pixels. The digital video signals determine 
whether the light emitting elements in each of the pixels emit light or not. 

To detail the above operation, the gate signal lines Gl to Gy are selected one 



by one to turn the switching? TFT 7002 connected to rhc selected <,'ate si^^nal line 
ON. In this specification, a si<Tnal line being selected means turnint^ ever^- TFT 
whose gate electrode is connected to the selected signal line ON. 

While each of the gate signal lines is selected, digital \'ideo signals equivalent 
to one bit are inputted to the gate electrode of the driving TFT 7003 fi-om the 
source signal lines SI to Sy through the switching TFT 7002 that is ON. 

Switching of the driving TFT 7003 is controlled by the digital \'ideo signals. 
When the driving TFT 7003 is turned ON, the power supply electric potential is 
given to the pixel electrode of the light emitting element 7004, and the difference 
in electric potential between the power supply electric potential and the opposite 
electric potential causes the light emitting element 7004 to emit light. On the other 
hand, when the driving TFT 7003 is turned OFF, the power supply electric potential 
is not given to the pixel electrode of the light emitting clement 7004 and therefore 
the light emitting element 7004 does not emit light. Ncne, in this specification, the 
state that the light emitting element emits a light is called as "light emitting state", 
while the state that the light emitting element does not emit a light is called as 
"non-light emitting state". 

When the digital video signals are inputted to all of the pixels, cme sub-frame 
period is ended to start the next sub-frame period. The operation described above 
is repeated and whether or not the light emitting element 7004 emits light in each 
pixel is determined for each of the sub-frame periods SFl to SFn. As a result, levels 
of gradations of the pixels are controlled and one image is displayed upon 
completion of one frame period. 

The driving method described above needs to put at least n sub-frame periods 
in one frame period if an image is displayed using n bit digital video signals. 
Therefore, when the bit number of digital video signals is increased in order to raise 



the gradation number of an image, sub-frame periods in one frame perit^i is 
increased in number. 

In an ordinary- light emitting device, it is preferable to set 60 or more frame 
periods in one second. If the number of images displayed in one second is less than 
60, flickering of an image may be noticeable to a viewer. In order to contain 
flickering of an image and display a high gradation image without lowering the frame 
frequency, lengths of sub-frame periods have to be shortened. 

However, when lengths of sub-frame periods are shortened, the speed of 
inputting digital video signals to pixels may become insufficient for the shortened 
sub-frame periods. Details of this problem are described below with reference to 
Figs. 19A and 19B. 

Figs. I9A and 19B show points at which sub-frame periods SF (k - 1) , SFk, and 
SF(k + 1) (k is an arbitrary natural number) are started in a common time division 
driving method, and the axis of abscissa indicates the time scale whereas the axis of 
ordinate indicates positions of gate signal lines. Reference symbol tl denotes the 
length of time for inputting digital video signals equivalent of one bit to every pixel 
in the sub-frame period SFk and t2 denotes the length of the sub-frame period SFk 
in pixels in each line. One line of pixels have the same gate signal line. 

Fig. 19A shows a case of tl < t2 whereas Fig. 19B shows a case of tl > tl. 

In the case of tl < tl shown in Fig. 19A, digital video signals equivalent to one 
bit are inputted to every pixel after the k-th sub-frame period SFk is ended and this 
input operation is finished before the next sub-frame period, the (k + l)-th sub- 
frame period SF(k + 1) is started. Accordingly, input of digital video signals 
equivalent of one bit to pixels and input of the next set of one bit digital video 
signals do not take place concurrently in the same pixel portion. 

On the other hand, in the case of tl > t2 shown in Fig. 19B, input of digital 



video signals equivalent to one bit to pixels is not tinished oven attor the k-th sub- 
frame period SFk is ended. In other words, input ot the next sot oi one bit digital 
video signals to pixels has to be started during the tirsr sei ot one bit digital x'ldeo 
signals are inputted to pixels. 

When the sub-frame period t2 is shortened until tl > t2 is satisfied in order 
to raise the gradation number, the device has to be driven as shown in Fig. 19B. 
However, the light emitting device structured as Figs. 17A and 17B cannot be 
driven in the way shown in Fig. 19B. In order to satisfy- tl ^ t2. shortening the sub- 
frame period t2 alone is not sufficient and the peritxi tl for iuputring digital video 
signals equivalent to one bit to every pixel has to be shortened. 

To shorten tl, the drive frequency of a source signal line driving circuit that 
controls input of digital video signals to the source signal lines needs to be high. 
However, if the drive frequency of the source signal line driving circuit is too high, 
transistors of the source signal line driving circuit cannot deal with the drive 
frequency to fail to operate or lose the reliability. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of solving the problems above 
and an object of the present invention is therefore to provide a light emitting device 
with a novel structure capable of displaying a high gradatit>n image. 

In a light emitting device of the present invention, one pixel has a plurality of 
sub-pixels and the area that actually provides light emission (area of effective light 
emission) is the same in every sub-pixel. The effective light emission area of a light 
emitting element refers to the area of a region of a pixel electrode of the light 
emitting element where emitted light is not blocked by TFTs, wiring lines, and other 



untransmissive componenrs formed on a substrate. 

According to the present invention, sub-frame pericxls in each sub-pixel are 
all used to control the gradation of the related pixel. 

With the above structure, the number of sub-frame peritxls in cme frame 
5 period can be increased without shortening lengths of the sub-frame periods. 
Accordingly, a period for inputting digital video signals to pixels (writing period) can 
be prevented from being short. Thus a high gradation image can be displayed while 
avoiding lowering of frame frequency and too high drive frequency of the source 
signal line driving circuit. 

10 In addition, the sub-pixels have almost the same area of effective light emission 

unlike a general area division driving method. In a general area division driving 
method, design is made by setting the design rule for the smallest sub-pixel and it 
is therefore difficult to raise the definition. On the other hand, the light emitting 
device of the present invention can raise the definition because the effective light 

15 emission area of the sub-pixels is almost the same when the gradation number is 
increased. 

Moreover, the light emitting device of the present invention can operate as 
follows when, for example, adopting time gradation according to binary code. A 
sub-frame period for a specific bit is divided into a plurality of sub-frame periods, and 

20 a sub-frame period for another bit or a period in which no image is displayed (non- 
display period) is interspersed between the divided sub-frame periods instead of 
successively starting the divided sub-frame periods. In a non-display period, light 
emitting elements in all of the pixels in the pixel portion do not emit light. 
The animation pseudocontour can be avoided by tlie above structure. 

25 Furthermore, in the light emitting device of the present invention, the length 

of one sub-frame period is not shortened when a sub-frame period is divided to avoid 



the animation pseudocontour. The drive frequency of the source si<j;nal line dri\'ing 
circuit is thus prevented from increasing. 

Structures of the present invention are shown helow. 

The invention disclosed in this specification is a light emitting device having 
5 a plurality of pixels, characterized in that: 

each of the plural pixels has a plurality of suh-pixels; 
each of the plural sub-pixels has a light emitting element; and 
each of the plural sub-pixels has the same area of effective light emission. 
The invention disclosed in this specification is a light emitting device having 
10 a plurality of pixels, characterized in that: 

each of the plural pixels has a plurality of sub-pixels; 

each of the plural sub-pixels has a light emitting element; 

each of the plural sub-pixels has the same area of effective light emission; 

and 

15 the digital video signal controls the period of time in which the light emitting 

element emits light in each of the plural sub-pixels to thereby control the gradation 
of the respective pixels. 

The invention disclosed in this specification is a light emitting device having 
a plurality of pixels, characterized in that: 
20 each of the plural pixels has a plurality' of sub-pixels; 

each of the plural sub-pixels has a light emitting element; 

each of the plural sub-pixels has the same area of effective light emission; 

one frame period has a plurality of sub-frame periods in the plural sub- 
pixels; 

25 each of the bits of digital video signals determines whether or not the ligbt 

emitting element in each of the plural sub-pixels emits light for each of the plural 

9 



sub-frame periods; and 

the larger the sum of lengths of sub-frame periods in which the light emitting 
element in each of the plural sub-pixels emits light becomes, the higher the 
gradation number of the respective pixels becomes. 
5 The invention disclosed in this specification is a light emitting device having 

a plurality' of pixels, characterized in that: 

each of the plural pixels has a plurality' of sub-pixels; 

each of the plural sub-pixels has a light emitting element and a thin film 

transistor (TFT); 

10 a current flowing in the light emitting element is controlled by the TFT; 

and 

each of the plural sub-pixels has the same area of effective light emission. 
The invention disclosed in this specification is a light emitting device having 
a plurality of pixels, characterized in that: 
15 each of the plural pixels has a plurality of sub-pixels; 

each of the plural sub-pixels has a light emitting clement, a first TFT, a second 
TFT, and a third TFT; 

the first TFT is turned ON in the same period in all of the plural sub-pixels; 
an electric potential of a digital video signal is given to a gate electrode of the 
20 second TFT during the first TFT is ON ; 

the electric potential of the digital video signal controls switching of the 
second TFT to determine whether the light emitting element emits light or not; 
the light emitting element does not emit light when the third TFT is ON; 
the digital video signal controls the period of time in which the light emitting 
25 element emits light in each of the plural sub-pixels to thereby control the gradation 
of the respective pixels; and 

10 



each of the plural suh-pixels has the same area of cttcctivc \i<^hx emission. 

The invention disclosed in this specification is a light cmirtinu dc\'icc ha\-mg 
a plurality' of pixels, characterized in that: 

each of the plural pixels has a plurality of sub-pixels; 
5 each of the plural sub-pixels has a light emittinc^ element, a first TFT, a second 

TFT, a third TFT, a source signal line, a writing gate signal line, an erasing gate 
signal line, and a power supply line; 

a gate electrode of the first TFT is connected to the writing gate signal line; 

the first TFT has a source region and a drain regic^n one of which is connected 
10 to the source signal line and the other of which is connected to a gate electrode of 
the second TFT; 

a source region of the second TFT is connected to the power supply line and 
a drain region of the second TFT is connected to a pixel elcctR->de of the light 
emitting element; 

15 a gate electrode of the third TFT is connected to the erasing gate signal 

line; 

the third TFT has a source region and a drain region one of which is 
connected to the power supply hne and the other of which is connected to the gate 
electrode of the second TFT; 
20 writing gate signal lines of the plural pixels are selected in the same period; 

digital video signal inputted to the source signal line controls the period of 
time in which the light emitting element emits light in each of the plural sub-pixels 
to thereby control the gradation of each of the plural pixels; and 

each of the plural sub-pixels has the same area of effective light emission. 
25 The invention disclosed in this specification is a light cnnrting device having 

a plurality of pixels, characterized in that; 

11 



each of the plural pixels has a plurality of sub-pixels; 

each of the plural sub-pixels has a light emitting element, a first TFT, a second 
TFT, a third TFT, a source signal line, an erasing gate signal line, and a power 
supply line; 

plural sub-pixels in the same pixel have commonly a writing gate signal line; 
a gate electrode of the first TFT is connected to the writing gate signal line; 
the first TFT has a source region and a drain region one of which is connected 
to the source signal line and the other of which is connected to a gate electrode of 

the second TFT; 

a source region of the second TFT is connected to the power supply line and 
a drain region of the second TFT is connected to a pixel electrode of the light 
emitting element; 

a gate electrode of the third TFT is connected to the erasing gate signal 

line; 

the third TFT has a source region and a drain region one of which is 
connected to the power supply line and the other of which is connected to the gate 
electrode of the second TFT; 

writing gate signal lines of the plural pixels are selected m the same period; 

digital video signal inputted to the source signal line control the period of time 
in which the light emitting element emits light in each of the plural sub-pixels to 
thereby control the gradation of each of the plural pixels; and 

each of the plural sub-pixels has the same area of effective light emission. 

The invention disclosed in this specification is a light emitting device having 
a plurality of pixels, characterized in that: 

each of the plural pixels has a plurality of sub-pixels; 

each of the plural sub-pixels has a light emitting element, a first TFT, a second 
12 



TFT, a third TFT, a source signal line, a writing gate signal line, and an erasing gate 
signal line; 

the plural sub-pixels in the same pixel have commonly a power supply line; 

a gate electrode of the first TFT is connected to the writing gate signal line; 
5 the first TFT has a source region and a drain region one of which is connect ed 

to the source signal line and the other of which is connected to a gate electrode ot 
the second TFT; 

a source region of the second TFT is connected to the power supply line and 
M. a drain region of the second TFT is connected to a pixel electrode of the light 

O 10 emitting element; 

ry 

y a gate electrode of the third TFT is connected t(^ the erasing gate signal 

=p line; 

r the third TFT has a source region and a drain region one of which is 

ry connected to the power supply line and the other of which is connected to the gate 

M= 

ffi 15 electrode of the second TFT; 

writing gate signal lines of the plural pixels are selected in the same peritid; 
digital video signal inputted to the source signal line contrt^ls the period of 
time in which the light emitting element emits light in each of the plural sulvpixels 
to thereby control the gradation of each of the plural pixels; and 
20 each of the plural sub-pixels has the same area of effective light emission. 

The invention disclosed in this specification is a light emitting device having 
a plurality of pixels, characterized in that: 

each of the plural pixels has a plurality of sub-pixels; 

each of the plural sub-pixels has a light emitting element, a first TFT, a second 
25 TFT, a third TFT, a source signal line, and an erasing gate signal line; 

the plural sub-pixels in the same pixel have commonly a writing gate signal 
13 



line and a power supply line; 

a gate electrode of the first TFT is connected to the writing gate signal line; 

the first TFT has a source region and a drain region one of which is connected 
to the source signal line and the other of which is connected to a gate electrode of 

the second TFT; 

a source region of the second TFT is connected to the power supply line and 
a drain region of the second TFT is connected to a pixel electrode of the light 
emitting element; 

a gate electrode of the third TFT is connected to the erasing gate signal 

line; 

the third TFT has a source region and a drain region one of which is 
connected to the power supply line and the other of which is connected to the gate 
electrode of the second TFT; 

writing gate signal lines of the plural pixels are selected in the same period; 

digital video signal inputted to the source signal line controls the period of 
time in which the light emitting element emits light in each of the plural sub-pixels 
to thereby control the gradation of the respective pixels; and 

each of the plural sub-pixels has the same area of effective light emission. 

The present invention may be characterized in that the first TFT in each of 
the plural sub-pixels has the same polariq^. 

The present invention may be characterized in that the second TFT in each 
of the plural sub-pixels has the same polarity. 

The present invention may be characterized in that the third TFT in each of 
the plural sub-pixels has the same polarity. 

The present invention may be electronic apparatuses characterized by 
comprising the light emitting device. 

14 
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Figs. lA and IB are a block diagram of a light emitting dc\-ice and n circuit 
diagram of a pixel, respectively, of the present invention; 

Fig. 2 is a circuit diagram of a pixel portion in a light emitting device of the 
5 present invention; 

Fig. 3 is a diagram showing points (timings) at which sub-trame periods are 
started in sub-pixels of the present invention; 

Figs. 4A and 4B are timing charts of a writing gate signal line and first and 
second erasing gate signal lines of the present inventitMi; 
10 Fig. 5 is a diagram showing points (timings) at which sub-frame periods are 

started in a pixel portion of the present invention; 

Fig. 6 is a diagram showing points (timings) at which sub-frame periods arc 
started in a pixel portion of the present invention; 

Fig. 7 is a top view of a pixel in a light emitting device of Embodiment 1 ; 
15 Fig. 8 is a circuit diagram of a pixel in a light emitting device of Embodiment 

5; 

Figs. 9A and 9B are a block diagram of a light emitting device and a circuit 
diagram of a pixel, respectively, of Embodiment 6; 

Figs. lOA and lOB are block diagrams of driving circuit group in a light 
20 emitting device of Embodiment 7 ; 

Figs. 11 A to 11 D are diagrams showing a process of manufacturing TFTs of a 
light emitting device of Embodiment 8; 

Figs. 12A to 12C are diagrams showing a process of manufacturing TFTs of a 
light emitting device of Embodiment 8; 
25 Figs. 13A and 13B are diagrams showing a process of manufacturing TFTs of 
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ji light emitting device of Embodiment 8; 

Figs. 14A and 14B are diagrams showing a process of manufacturing TFTs ot 
a light emitting device of Embodiment 9; 

Figs. 15A and 15B are a top view of a light emitting device of and a secticmal 
view thereof, respectively, of Embodiment 11; 

Figs. 16A to 16H are diagrams of electronic equipment using a light emitting 
device of Embodiment 12; 

Figs. 17A and 17B are circuit diagrams of a pixel portion and a pixel in a 
conventional light emitting device; 

Fig. 18 is a diagram showing points (timings) at which sub-frame periods are 
started in the conventional light emitting device; and 

Figs. 19 A and 19B are diagrams showing points at which sub-frame periods are 
started in the conventional light emitting device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[Embodiment Mode] 

The structure of a light emitting device of the present invention will be 
described with reference to Figs. lA and IB and Fig. 2. Fig. 1 A is a block diagram 
of a display panel included in the light emitting device of the present invention. On 
a substrate (not shown in the drawing), a pixel portion 100, a source signal line 
driving circuit 101, a writing gate signal line driving circuit 102, and an erasing gate 
signal line driving circuit 103 are provided. 

The pixel portion 100 and a driving circuit group (including the source signal 
line driving circuit 101, the writing gate signal line driving circuit 102, and the 
erasing gate signal line driving circuit 103) are formed on the same substrate in this 
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embodiment mode, but the present invention is not limircd rhcrcto. The pixel 
portion 100 and the driving circuit group may be formed on ditterent substrates lo 
be connected to each other through a connector such as an FPC. 

Numbers of the source signal line driving circuit 101 and the gate signal line 
driving circuits (including the writiiig gate signal line drix'ing circuit 102 and the 
erasing gate signal line driving circuit 103) are not limited to those shown in Fig. 
lA. The number of the source signal line driving circuits 101 pnivided may be one 
or more. One or more gate signal line driving circuits may be provided, and one 
gate signal line dri\'ing circuit may substitute for the writing gate signal line dri\'ing 
circuit 102 and the erasing gate signal line driving circuit 103. 

In the pixel portion 100, a plurality of pixels form a matrix and each pixel 1 04 
has a plurality of sub-pixels. Each pixel may have as many sub-pixels as can be 
formed. In this embodiment mode, the description is given taking as an example 
a case where one pixel 104 has two sub-pixels, namely, a first sub-pixel 105 and a 
second sub-pixel 106, for the sake of simple explanation. 

A circuit diagram of the pixel is shown in Fig. IB. The first sub-pixel 105 and 
the second sub-pixel 106 of the pixel 104 share one power supply line V_i (i is an 
arbitrary' number ranging from 1 to x) and one writing gate signal line Ga J (j is an 
arbitrary' number ranging from 1 to y) . A power supply line is not necessarily shared 
by all sub-pixels in one pixel. If a power supply line is not shared by all sub-pixels 
in one pixel, power supply lines of sub-pixels in one pixel have to be kept at the 
same electric potential. 

The first sub-pixel 105 has a source signal line and the second sub-pixel 106 
has another source signal line. In this embodiment mode, the source signal line of 
the first sub-pixel 105 is called a first source signal line SL_i (i is an arbitrary number 
ranging from 1 to x) and the source signal line of the second sub-pixel 106 is called 
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a second source signal line SR_i (i is an arbitrary' number raueino troni 1 to x) . 

The first sub-pixel 105 has an erasing gate signal line and the second siib-pixe! 
106 has another erasing gate signal line. In this embodimeni mode, the erasing gate 
signal line of the first sub-pixel 105 is called a first erasing gate signal line GeL_i (j 

5 is an arbitrai7 number ranging from 1 to y) and the erasing gate signal line ot the 
second sub-pixel 106 is called a second erasing gate signal line GeR J (j is an 
arbitraiy number ranging from 1 to y) . 

The sub-pixels each have a switching TFT (first TFT) 110, a driving TFT 
(second TFT) 1 11, an erasing TFT (third TFT) 1 12, a light emitting element 11), 

10 and a capacitor 1 14. 

The switching TFT 110 of each sub-pixel has a gate electrode connected to 
the writing gate signal line GaJ. In each sub-pixel, the switching TFT 1 10 has a 
source region and a drain region one of which is connected to the source signal line 
of the sub-pixel and the other of which is connected to a gate electrode ot the 

15 driving TFT 1 11 of the sub-pixel. In this embodiment mode, the switching TFT 
1 10 of the first sub-pixel 105 has a source region and a drain region one of which is 
connected to the first source signal line SL_i and the other of which is connected 
to a gate electrode of the driving TFT 11 1 of the first sub-pixel 1 05. The switching 
TFT 110 of the second sub-pixel 106 has a source region and a drain region one of 

20 which is connected to the second source signal line SR_i and rbc other of which is 
connected to a gate electrode of the driving TFT 111 of the second sub-pixel 
106. 

In each sub-pixel, a source region of the driving TFT 11 I is connected to the 
power supply line V_i and a drain region of the driving TFT is connected to a pixel 
25 electrode of the light emitting element 1 13 of the sub-pixel. 

In each sub-pixel, the easing TFT 1 12 is connected to the erasing gate signal 
18 



line of the sub-pixel. In this embodiment mode, a gate clectrcxlc of the erasing TFT 
1 12 of the first sub-pixel 105 is connected to the first erasing gate signal line GeLJ 
and a gate electrode of the erasing TFT 112 of the second sub-pixel 106 is 
connected to the second erasing gate signal line GeR J. 

In each sub-pixel, the erasing TFT 1 12 has a source region and a drain region 
one of which is connected to the power supply line V_i and the other of which is 
connected to the gate electrode of the driving TFT 111 of d\c sub-pixel. 

Fig. 2 is a circuit diagram of the pixel portion 100 shown in Fig. 1 A. The pixel 
portion 100 is provided with first source signal lines SL_1 ro SL_x, sectmd scuircc 
signal lines SR_1 to SR_x, power supply lines V_l to V_x, writing gate signal lines 
Ga_l to Ga_y, first erasing gate signal lines GeL_l to GeL_y, and second erasing 
gate signal lines GeR_l to GeR_y. 

The number of first source signal lines and the number of power supply lines 
in the pixel portion 100 may not always match. The number of second source signal 
lines and the number of power supply lines in the pixel portion 1 00 may not always 
match. The number of writing gate signal lines and the number of first erasing gate 
signal lines in the pixel portion 100 may not always match. The number of writing 
gate signal lines and the number of second erasing gate signal lines in the pixel 
portion 100 may not always match. 

Described next is a method of driving the light emitting device of the present 
invention which has the structure shown in Figs. lA and IB and Fig. 2. The 
description given in this embodiment mode takes as an example a case where 6 bit 
digital video signals are used to display images. However, the bit number of digital 
video signals used in the light emitting device of the present invention is not limited 
thereto. 

Fig. 3 shows points at which sub-frame periods are started in the first sub-pixel 
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105 and the second sub-pixel 106 of each pixel 104. In the first sub-pixel 105, sub- 
frame periods SF6_1, SF2, SF4_1, SF5_2, and SF4_2 arc started in this order in one 
frame period. In the second sub-pixel 106, sub-frame periods SF5_1, SFl, SF6_2, 
SF3, and SF6_3 are started in this order in one frame period. 

The sub-frame periods SFl to SF3 are for the first set of one bit digital video 
signals to the third set of one bit digital video signals, respecth-ely. The sub-frame 
periods SF4_1 and SF4_2 are both for the fourth set of one bit digital video signals. 
The sub-frame periods SF5_1 and SF5_2 are both for the fifth set of one bit digital 
video signals. The sub-frame periods SF6_1, SF6_2, and SF6_3 are all for the sixth 
set of one bit digital video signals. 

Start of the sub-fr-ame period SF6_1 in the first sub-pixel 105 coincides with 
start of the sub- frame period SF5_1 in the second sub-pixel 106. Similarly, start of 
the sub-frame period SF2 in the first sub-pixel 105 coincides with start of the sub- 
frame period SFl in the second sub-pixel 106. Similarly, start of the sub-frame 
period SF4_1 in the first sub-pixel 105 coincides with start of the sub-frame period 
SF6_2 in the second sub-pixel 106. Similarly, start of the sub-frame period SF5_2 
in the first sub-pixel 105 coincides with start of the sub-frame period SF3 in the 
second sub-pixel 106. Similarly, start of the sub-frame period SF4_2 in the first sub- 
pixel 105 coincides with start of the sub-frame period SF6_3 in the second sub-pixel 
106. 

Table 1 shows the order of starting sub-frame periods in the respective sub- 
pixels and the ratio of lengths of the sub-frame periods. In Table 1, parentheses 
represent the ratio of the length of that sub-frame period to the lengths of other sub- 
frame periods. 

Table 1 (including 6 bit division) 
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sub-pixel 1 


SF6_1(10) 


SF2(2) 


SF4_1(4) 


SF5_:(8^ 


5H_: \4) 


sub-pixel 2 


SF5_1 (8) 


SFKl) 


SF6_2(in 


SF^n4) 


SFo_nl n 



In this embodiment mode, SFl : SF2 : SF3 : (SF4_1 + SF4_2) : (SF5_1 + 
SF5_2) : (SF6_1 -f SF6_2 + SF6_3) = 2' : 2^ 2' : 2' : 2' : 2'. Diairal video sijznals 
determine which sub-frame period a light emitting element emits Ught in, and a 
desired gradation out of 2^ gradations can be obtained for a light emitting element 
by combining sub-frame periods during which the light emitting element emits light. 
When the device is driven using n bit digital video signals, the ratio of lengths of 
sub-frame periods for the respective bits is set to 2'^ : 2' : — : 2^" ' '\ 

The order of starting sub-frame periods and which sub-trame period in each 
sub-pixel is for which bit can be set suitably by a designer. 

In this embodiment mode, the sub-frame period for the fourth set of one bit 
digital video signals is divided into two, SF4_1 and SF4_2. The sub-frame period 
for the fifth set of one bit digital video signals is divided into two, SF5_1 and SF5_2. 
The sub-frame period for the sixth set of one bit digital video signals is divided into 
three, SF6_1, SF6_2, and SF6_3. However, in the present invention, sub-frame 
periods that are to be divided are not limited to the sub-frame pericxls f(^r the fourth, 
fifth, and sixth bits, and sub-frame periods for other bits may be divided instead. 

The number of sub-frame periods to be divided may be one or more. However, 
it is preferable to select sub-frame periods for upper bits, namely, sub-frame periods 
having longer lengths, first as sub-frame periods to be divided. 

The number of divisions of a sub-frame period can be set suitably by a designer. 
It is preferable to determine the number of divisions so as to balance the speed of 
driving the light emitting device with the required image display quality. 

Desirably, divided sub-frame periods for digital videt) signals of the same bit 



have the same length. However, the present invention is not limited thereto and 
a sub-frame period may not always be equally divided. 

The number of division may not be limited. When a sub-frame period is 
divided, another sub-frame period or a period in which no imago is displayed (non- 
display period) may be interspersed between the divided sub-frame periods so as not 
to successively start the divided sub-frame periods in the same sub-pixel. In a non- 
display period, light emitting elements in all of the pixels in the pixel portion do not 
emit light. 

The animation pseudocontour can be avoided by the above structure. 
However, the present invention is not limited to this structure and a sub-frame 
period is not necessarily divided. 

Next, the operation of pixels in the respective sub-frame periods is described. 
As sub-frame periods are started, digital video signals are inputted to pixels in order 
until all of the pixels are provided with the digital video signals. Information oft' 
or '0' of the digital video signals determines whether the light emitting elements of 
the first-sub-pixel 105 and the second sub-pixel 106 emit light or not. 

To detail the above operation, writing gate signal lines of each of the pixels are 
selected in order. The writing gate signal lines are selected one by one and no two 
(or more) writing gate signal lines are selected simultaneously. For example, when 
the writing gate signal line GaJ is selected, ever^' switching TFT 110 whose gate 
electrode is connected to the writing gate signal line GaJ is turned ON. 

Then, digital video signals of the bits related to the respective sub-frame 
periods are inputted to all the source signal lines (the first source signal line and the 
second source signal line, in this embodiment mode) . To be specific, the first set of 
one bit digital video signals to the third set of one bit digital video signals are 
inputted in SFl to SF3, respectively. The fourth set of one bit digital video signals 
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are inputted in SF4_1 and SF4_2. The fifth set of one bit di<zital \-iJeo signals are 
inputted in SF5_1 and SF5_2. The sixth set of one bit digital video signals are 
inputted in SF6_1, SF6_2, and SF6_3. The first source signal line is provided with 
digital video signals of the bits related to the sub-frame periods that are started in 
5 the first sub-pixel. The second source signal line is pro\'ided with digital \ndeo 
signals of the bits related to the sub-frame periods that are started in the second sub- 
pixel. 

In the pixel shown in Fig. IB, digital video signals of the bits related to the sub- 
frame periods that are started in the first sub-pixel are inputted to the first source 
10 signal line SL_i. Digital video signals of the bits related to the sub-frame periods 
that are started in the second sub-pixel are inputted to the second source signal line 
SR_i. 

In each of the sub-pixels, digital video signals are inputted t(^ the gate 
electrode of the driving TFT 111 through the switching TFT 110 that is ON. 
15 Switching of the driving TFT 111 is controlled by the inputted digital video 
signals. 

When the driving TFT 1 1 1 is turned ON, the electric potential of the power 
supply line (power supply electric potential) is given to the pixel electrode of the 
light emitting element 113 through the driving TFT 111. Accordingly, the 
20 difference in electric potential between the power supply electric potential and the 
opposite electric potential (light emitting element drive voltage) is applied to an 
organic compound layer of the light emitting element 113 to cause the light 
emitting element 113 to emit light. 

On the other hand, when the driving TFT 1 1 1 is turned OFF, the power 
25 supply electric potential is not given to the pixel electrode of the light emitting 
element 113. Accordingly, the light emitting element drive voltage is not applied 
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to the organic compound layer and thus the light emitting element 113 does not 
emit light. 

The above operation is conducted in all of the pixels to input digital video 
signals to all of the pixels, sub-pixels, more concretely. In this specification, 
inputting a digital video signal to a pixel or sub-pixel means gi\ang an electric 
potential of the digital video signal to a gate electrode of a driving TFT of the pixel 
or the sub-pixel. A period required to write digital video signals in all pixels is called 
herein a writing period Ta. 

Before the writing period Ta is ended, or after it is ended, the first erasing gate 
signal line or the second erasing gate signal line is selected. When the first erasing 
gate signal line is selected, every erasing TFT 112 of the first sub-pixel 105 whose 
gate electrode is connected to the first erasing gate signal line is turned ON to give 
the power supply electric potential to the gate electrode of the driving TFT 1 1 1 of 
the first sub-pixel 105. As a result, the electric potential of the gate electrode of the 
driving TFT 1 1 1 is equalized with the electric potential of the source region of the 
driving TFT 1 1 1 to turn the TFT OFF, and the light emitting element 1 13 of the 
first sub-pixel 105 stops emitting light. Thus, the sub-frame period in the first sub- 
pixel 105 is ended. 

Similarly, when the second erasing gate signal line is selected, ever^^ erasing 
TFT 112 of the second sub-pixel 106 whose gate electrode is connected to the 
second erasing gate signal line is turned ON to give the power supply electric 
potential to the gate electrode of the driving TFT 1 1 1 of the second sub-pixel 106. 
As a result, the electric potential of the gate electrode of the driving TFT 1 1 1 is 
equalized with the electric potential of the source region of the driving TFT 1 1 1 to 
turn the TFT OFF, and the light emitting element 113 of the second sub-pixel 106 
stops emitting light. Thus, the sub-frame period in the second sub-pixel 106 is 
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ended. 

The first erasing gate signal line and the second erasing gate signal line in the 
same pixel are not always selected concurrently. ^X^hich points the first erasing gate 
signal line and the second erasing gate signal line are selected at are determined by 
lengths of sub-frame periods in the respective sub-pixels. 

In this specification, a period required to finish selecting all the first erasing 
gate signal lines, or a period required to finish selecting all the second erasing gate 
signal lines is called an erasing period Te. The first erasing gate signal lines are 
selected one by one and no two (or more) lines are selected simultaneously. 
Similarly, the second erasing gate signal lines are selected one by one and no two (or 
more) lines are selected simultaneously. 

Fig. 4A shows points at which writing gate signal lines are selected in a writing 
period Ta. Fig. 4B shows points at which first erasing gate signal lines are selected 
in an erasing period Te of the first sub-pixel 105. Points at which second erasing 
gate signal lines are selected in an erasing period of the second sub-pixel 106 is the 
same as the first sub-pixel 105. Therefore, see Fig. 4B for the case of the second 
sub-pixel 106. 

A light emitting element of a sub-pixel that has finished the sub-frame period 
first among plural sub-pixels of the same pixel does not emit light while the other 
sub-pixels finish the sub-frame period. After all the sub-pixels in the same pixel 
finish the sub-frame period, the next sub-frame period is started at once in all the 
sub-pixels of that pixel. A period from the end of a preceding sub-frame period to 
the start of the next sub-frame period, during which a light emitting element does 
not emit light, is called a non-display period BF. 

By dividing sub-frame periods, the difference in length between sub-frame 
periods can be reduced. It is thus possible to reduce the difference in length 
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between sub-frame periods that are simultaneously started in each of the plural sub- 
pixels of the same pixel, thereby shortening the length of the non-display period in 
one frame period and enhancing the contrast. 

In the operation described above, when the sub-frame peri(xi is longer than the 
5 writing period, in other words, if the sub-frame period ends after the writing period 
Ta is ended, the next sub-frame period may be started without selecting the first 
erasing gate signal line or the second erasing gate signal line. In this case, the non- 
display period BF is not provided between the sub-frame periods. 

Points at which sub-frame periods are started are different for pixels of 
10 different lines. In the present invention, one line of pixels have the same writing 
gate signal line. Fig. 5 shows points at which sub-frame periods are started for pixels 
of the respective lines. The axis of abscissa indicates the time scale whereas the axis 
of ordinate indicates positions of writing gate signal lines. 

A period from the start of the sub-frame period in pixels of the first line to the 
15 start of the sub-frame period in pixels of the last line corresponds to the writing 
period Ta. A period from the start of the non-display period in pixels of the first line 
to the start of the non-display period in pixels of the last line corresponds to the 
erasing period Te. In this embodiment mode, non-display periods are provided 
immediately after the sub-frame periods SF2, SF4_1, SF4_2, SF5_1, SFl, and SF3 
20 are ended. Non-display periods in the present invention are not always started 
immediately after the above sub-frame periods are ended. At least, however, a non 
display period is provided immediately after a sub-frame period that is shorter than 
a writing period. 

In the light emitting device of the present invention, the non-display period 
25 BF is provided by providing each sub-pixel with the erasing TFT 112. TherefcM-c, 
unlike the general light emitting device shown in Figs. 17A and 17B, a sub-frame 
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period can be shorter than a period required to input di<^ital video signals cqui\'aleni 
to one bit to ever>^ pixel (corresponding to the length of the writing period in the 
light emitting device of the present invention). 

Fig. 6 shows points at which sub-frame periods SF(k - 1), SFk, and SF(k + 1) 
5 (k is an arbitrary' natural number) are started when the light emitting device of the 
present invention displays an image by a time division driving method. The axis ot 
abscissa indicates the time scale whereas the axis of ordinate indicates positions of 
pixels of the respective lines. Reference symbol tl denotes the length of the writing 
period during which digital video signals equivalent to one bit are inputted to every 
10 pixel in the sub-frame period SFk, and t2 denotes the length of the sub-frame period 
SFk for pixels in the respective lines. One line of pixels have the same gate signal 
line. 

Denoted by t3 is the length of the non-display period BF in pixels of the 
respective lines. It is important to set the length t3 of the non display period such 
15 that the writing period overlapping SFk does not overlap the writing period 
overlapping SF(k +1). In short, satisfying t3 > tl - t2 is important. 

The above operation eliminates the need to start inputting the next set ot one 
bit digital video signals to pixels while the previous set of one bit digital video signal 
are inputted to pixels in the same pixel portion when the sub-frame period tl is 
20 shortened until tl > t2 is satisfied in order to increase the gradation number. 

In the light emitting device of the present invention, gradaticm display is 
obtained by choosing which sub-frame periods of plural sub-pixels in a pixel light 
emitting elements of the sub-pixels emit light in. Accordingly, compared to a case 
of driving a general light emitting device with no sub-pixel by a time division 
25 driving, sub-frame periods are prevented from being shortened. An increase in drive 
frequency of the source signal line driving circuit thus can be avoided even when 
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sub-frame periods are increased in number. Therefore, the prcscni invcnrion can 
display a high gradation image while avoiding lowering of tran-ic frequency and roo 
high drive frequency of the source signal line driving circuit. 

The invention is also capable of displaying an image with no noricenble 
5 animation pseudocontour while avoiding lowering of frame frequency and loo high 
drive frequency of the source signal line driving circuit. 

Embodiments of the present invention will be described below. 



1^ [Embodiment 1] 



O 
O 

m 



This embodiment gives a description on the top view in Fig. 1 B that shows the 
10 pixel of the light emitting device according to the present invention. Fig. 7 is a top 

view of a pixel of this embodiment. 

Denoted by 205 and 206 are a first sub-pixel and a second sub-pixel, 

respectively. Each of the sub-pixels is provided with a switching TFT 2 10, a driving 

TFT 211, and an erasing TFT 212. 
15 The first sub-pixel 205 and the second sub-pixel 206 share a writing gate signal 

line GaJ and a power supply line V_i. The first sub-pixel 205 has a first erasing gate 

signal line GeLj. The second sub-pixel 206 has a second erasing gate signal line 

GeRj. 

In each sub-pixel, the switching TFT 210 has a source region and a drain 
20 region one of which is connected to the source signal line of the sub-pixel and tbe 
other of which is connected to a gate wiring line 222 through a connection wiring 
line 225. A part of the gate wiring line 222 is used as a gate electrode of the driving 
TFT 211. 

A source region of the driving TFT 2 11 is connected to the power supply line 
25 V_i and a drain region of the driving TFT 2 11 is connected to a pixel electrode 220 
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of a light emitting element. In this embodiment, though noi shown in the drawing, 
an organic compound layer is fonned such that it is in contact with the pixel 
electrode and an opposite electrode is formed such that u i.'^ in contact with ihc 
organic compound layer. 

5 The gate wiring line 222 is formed in the same layer as the writing gate signal 

line and the erasing gate signal line. The gate wiring line 222 overlaps a capacitance 
active layer 221 with a gate insulating film (not shown) iiiterposed therebetween. 
The capacitance active layer 221 is formed in the same layer as the active layer of 
the TFT. The capacitor active layer 221 is connected to the power supply line V_i 

10 to receive the power supply electric potential. The gate wiring line 222 and the 
capacitance active layer 221 constitute a capacitor 214- 

The gate wiring line 222 also overlaps the power supply line V_i with an 
interlayer insulating film (not shown) interposed therebetween. A capacitance 
formed between the gate wiring line 222 and the power supply line V_i is used to 

15 keep the electric potential of the gate electrode of the driving TFT 211. 

The erasing TFT 212 has a source region and a drain region one of which is 
connected to the gate wiring line 222 through a connection wiring line 224 and the 
other of which is connected to the power supply line V_i. The ct)nnection wiring 
lines 225 and 224 are formed in the same layer as the scnirce signal line and the 

20 power supply line. 

In each sub-pixel, a gate electrode of the erasing TFT 2 1 2 is connected to the 
erasing gate signal line of the sub-pixel. 

This embodiment is merely an example and the light emitting device of the 
present invention is not limited to the structure shown m this embodiment. 

25 [Embodiment 2] 



Tliis embodiment describes a case in which the lighr cmirtiny dox'icc structured 
as shown in Fig. IB in accordance with the present invention displays images using 
6 bit digital video signals, hi the example described, an image is displayed by using 
as many sub-frame periods as the bit nmnber of the digital video signals instead ot 
dividing a sub-frame period. 

Table 2 shows the order of starting sub-frame periods in the respective sub- 
pixels and the ratio of lengtlis of the sub-frame periods. In Table 2, parentheses 
represent the ratio of the length of that sub-frame period to the lengths of other sub- 
frame periods. 

Table 2 (6 bit) 



sub-pixel 1 


SF6(32) 


SF3(4) 


SFl(l) 


sub- pixel 2 


SF5(16) 


SF4(8) 


SF2(2) 



In the first sub-pixel 105, sub-frame periods SF6, SF3, and SFl are started in 
this order in one frame period. In the second sub-pixel 106, sub-frame periods SF5, 
SF4, and SF2 are started in this order in one frame period. 

The sub-frame periods SFl to SF6 are for the first set of one bit digital video 
signals to the sixth set of one bit digital video signals, resiiectively. 

Start of the sub-frame period SF6 in the first sub-pixel 1 05 coincides with start 
of the sub-frame period SF5 in the second sub-pixel 106. Similarly, start of the sub- 
frame period SF3 in the first sub-pixel 105 coincides with start of the sub-frame 
period SF4 in the second sub-pixel 106. Similarly, start of the sub-frame period SF 1 
in the first sub-pixel 105 coincides with start of the sub-frame period SF2 in the 
second sub-pixel 106. 
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In this embodiment, SFl : SF2 : SF3 : SF4 : SF5 : SFo = : 2^ : 2^ : 2-' : 2^ : 
2^ A desired gradation out of 1^ gradations can be obtained by combining the sub- 
frame periods. When the device is driven using n bit digital \'ideo signals, tiie ratio 
of lengths of sub-frame periods for the respective bits is set to 2' : 2' : — : 2'"' '\ 

The order of starting sub-frame periods and which sub-frame period in a sub- 
pixel is for which bit can be set suitably by a designer. 

In the light emitting device of the present invention, gradaticin display is 
obtained by choosing which sub-frame periods of plural sub-pixels in a pixel light 
emitting elements of the sub-pixels emit light in. Accordingly, ct>mpared to a case 
of driving a general light emitting device with no sub-pixel by a time division 
driving, sub-frame periods are prevented from being shortened. .An increase in drive 
frequency of a source signal line driving circuit thus can be avoided even when sub- 
frame periods arc increased in number. Therefore, the present invention can display 
a high gradation image while avoiding lowering of frame frequency and too high 
drive frequency of the source signal line driving circuit. 

The present invention is not limited to 6 bit digital video signals. The bit 
number of digital video signals used can be set suitably by a designer. 

This embodiment may be combined freely with Embodiment I . 

[Embodiment 3] 

This embodiment describes a case in which the light emitting device structured 
as shown in Fig. IB in accordance with the present invention displays images using 
8 bit digital video signals. 

Table 3 shows the order of starting sub-frame periods in the rcspeciive sub- 
pixels and the ratio of lengths of the sub-frame periods. In Table 2, parentheses 
represent the ratio of the length of that sub-frame period to the lengths of other sub- 
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frame periods. 



Table 3 (including 8 bit division) 



suh-pixel 1 


SF8_1 (42) 


SF2(2) 


SF6_1(16) 


SF7_2(^2) 




SFun 


sub-pixel 2 


SF4(8) 


SF7_1(32) 


SF8_2(43) 


SF3H) 




SF6_2ao) 



In die first sub-pixel 105, sub-frame periods SF8_1, SF2, SF6_I, SF7_2, SF8_3, 
and SFl are started in this order in one frame period. In the second sub-pixel 106, 
sub-frame periods SF4, SF7_1, SF8_2, SF3, SF5, and SF6_2 arc started in this order 
in one frame period. 

The sub-frame periods SFl to SF5 are for the first set of one bit di<,'ital video 
signals to the fifth set of one bit digital video signals, respectively. The sub-frame 
periods SF6_1 and SF6_2 are both for the sixth set of one bit digital video signals. 
The sub-frame periods SF7_1 and SF7_2 are both for the sc\'enth set of one bit 
digital video signals. The sub-frame periods SF8_1, SF8_2, and SF8_3 are all for the 
eighth set of one bit digital video signals. 

Start of the sub-frame period SF8_1 in the first sub-pixel 105 coincides with 
start of the sub-frame period SF4 in the second sub-pixel 106. Similarly, start of the 
sub-frame period SF2 in the first sub-pixel 105 coincides with start of the sub-frame 
period SF7_1 in the second sub-pixel 106. Similarly, start of the sub-frame period 
SF6_1 in the first sub-pixel 105 coincides with start of the sub-frame period SF8_2 
in the second sub-pixel 106. Similarly, start of the sub-frame period SF7_2 in the 
first sub-pixel 105 coincides with start of the sub-frame period SF3 in the seccmd 
sub-pixel 106. Similarly, start of the sub-frame period SF8_3 in the first sub-pixel 
105 coincides with start of the sub-frame period SF5 in the second sub-pixel 106. 

32 



Similarly, start of the sub-frame period SFl in the first sub-pixel 105 coincides with 
start of the sub-frame period SF6_2 in the second sub-pixel 106. 

In this embodiment, SFl : SF2 : SF3 : SF4 : SF5 : (SF6_1 + SF6_2) : (SF7_1 
+ SF7_2) : (SF8_1 + SF8_2 + SF8_3) = 2° : 2' : 2" : 2'' : 2' : 2^ 2^ 2". A desired 
gradation out of 2^ gradations can be obtained by combining the sub-frame periods. 
When the device is driven using n bit digital video signals, the ratic^ of lengths of 
sub-frame periods for the respective bits is set to 2° : 2' : - : 2^"' 

The order of starting sub-frame periods and which sub-frame period in a sub- 
pixel is for which bit can be set suitably by a designer. 

In this embodiment, the sub-frame period for the sixth set of one bit digital 
video signals is divided into two, SF6_1 and SF6_2. The sub-frame period for the 
seventh set of one bit digital video signals is divided into two, SF7_1 and SF7_2. 
The sub-frame period for the eighth set of one bit digital video signals is divided into 
three, SF8_1, SF8_2, and SF8_3. However, in the present im^ention, the bit 
number of the digital video signals corresponded to the divided sub-frame pcricxls 
is not limited. 

The number of sub-frame periods to be divided may be one or more. However 
it is preferable to select sub-frame periods for upper bits, namely, sub-frame periods 
having longer lengths, first as sub-frame periods to be divided. 

The number of divisions of a sub-frame period can be set suitably by a designer. 
It is preferable to determine the number of divisions so as to balance the speed of 
driving the light emitting device with the required image display quality. 

Desirably, divided sub-frame periods for digital video signals of the same bit 
have the same length. However, the present invention is not limited thereto and 
a sub-frame period may not always be divided equally. 

In addition, the number of division may not be limited. When a sub-frame 
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period is divided, another sub-frame period or a peritxl in which no 'mv.xiic i> 
displayed (non-display period) may he interspersed between the divided sub-trame 
periods so as not to successively start the divided sub-frame periods in the same .sub- 
pixel. In a non-display period, light emitting elements in all of the pixels m the pixel 
portion do not emit light. 

The animation pseudocontour can be avoided by the above structure. 
However, the present invention is not limited to this structure and a sub-frame 
period is not necessarily divided. 

By dividing sub-frame periods, the difference in length between sub-franie 
periods can be reduced. It is thus possible to reduce the difference in length 
between sub-frame periods that are simultaneously started in each of the plural sub- 
pixels of the same pixel, thereby shortening the length of a non-display period in one 
frame period and enhancing the contrast. 

In the light emitting device of the present invention, gradation display is 
obtained by choosing which sub-firanie periods of plural sub-pixels in a pixel liglit 
emitting elements of the sub-pixels emit light in. Accordingly, compared to a case 
of driving a general light emitting device with no sub-pixel by a time division 
driving, sub-frame periods are prevented from being shortened. An increa.se in dnx-e 
frequency of a source signal line driving circuit thus can be avoided even when sub- 
frame periods are increased in number. Therefore, the present invention can di.splay 
a high gradation image while avoiding lowering of frame frequency and too high 
drive frequency of the source signal line driving circuit. 

The present invention is not limited to 8 bit digital video signals. The bit 
number of digital video signals used can be set suitably by a designer. 

This embodiment may be combined freely with Embodiment 1 . 



34 



[Embodiment 4] 

This embodiment describes a case of switching sub-frame periods in the Ught 
emitting device structured as shown in Fig. IB in accordance with the present 
inventicm. hi the case described here, sub-frame periods of one sub-pixel and sub- 
frame periods of the tuher sub-pixel in one frame period are exchanged between rhe 
two sub-pixels in the next frame period. 

Table 4 shows the order of starting sub-frame periods in the respective stib- 
pixels and the ratio of lengths of the sub-frame periods. In Table 1, parentheses 
represent the ratio of the length of that sub-frame period to die lengths of other sub- 
frame periods. 

Table 4 (including reverse 4 bit division) 





first frame period 


second frame penciJ 


suh-pixel 1 


SF3(4) 


SFI{1) 




SF4_1 (4) 


SF2(2) 


SF4_2(4) 


suh-pixel 2 


SF4_1 (4) 


SF2(2) 


SF4_2(4) 


SF3(4) 


SFl(l) 





In the first sub-pixel 105, sub-frame periods SF3 and SFl are started in rhis 
order in a first frame period that comes first. In the second sub-pixel 1 06, sub-frame 
periods SF4_1, SF2, and SF4_2 are started in this order in the first frame period. 

In a second fr-ame period that comes next, sub-frame periods SF4_1, SF2, and 
SF4_2 are started in this order in the first suh-pixel 105. hi the second sub-pixel 
106, sub-frame periods SF3 and SFl are started in this order in the second frame 
period. 

The sub-frame periods SFl to SF3 are for the first sec of one bit digital video 
signals to the third set of (me bit digital video signals, respectively. The sub-frame 
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periods SF4_1 and SF4_2 are both for the fourth set of one bit digital \'idoo 
signals. 

Start of the sub-frame period SF3 coincides with start of the sub-frame period 
SF4_1. Start of the sub-frame period SFl coincides with start of the sub-frame 
period SF2. While the sub-frame period SF4_2 is started in one sub-pixel, a non- 
display period BF is started in the other sub-pixel. 

In this embodiment, SFl : SF2 : SF3 : (SF4_1 + SF4_2) = 2' : 2' : 2' : 2'. A 
desired gradation out of V gradations can be obtained by combining the sub-frame 
periods. 

In this embodiment, sub-frame periods of one sub-pixel and sub-frame pericxls 
of the other sub-pixel in one frame period are exchanged between the two sub-pixels 
in the next frame period. This makes it possible to equalize the length ol the period 
in which a light emitting element of one sub-pixel emits light with the length of the 
period in which a light emitting element of the other sub-pixel emits light. 

The order of starting sub-frame periods and which sub-frame period in a sub- 
pixel is for which bit can be set suitably by a designer in tliis embodiment. 

In this embodiment, the sub-frame period for the fourth set of one bit Jitj;iuil 
video signals is divided into two, SF4_1 and SF4_2. However, in this embodiment, 
the bit number of the digital video signals corresponded to the divided sub-frame 
periods is not limited. Also, the number of division of a sub-frame period is not 
limited to two. 

The number of sub-frame periods to be divided may be one or more. However, 
it is preferable to select sub-frame periods for upper bits, namely, sub-frame periods 
having longer lengths, first as sub-frame periods to be divided. 

The number of divisions of a sub-frame period can be set suitably by a designer. 
It is preferable to determine the number of divisions so as to balance the speed ol 
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driving the light emitting device with the required image display qualirv. 

The present invention is not limited to 4 bit digual video signals. The bit 
number of digital video signals tised can be set suitabh b\- a designer. 

This embodiment may be combined freely ^^'ith Embodiment.s 1 through 

[Embodiment 5] 

This embodiment describes a pixel in a light emitting device of the present 
invention which has a structure different from the one shown in Fig. IB. The 

description will be given with reference to Fig. 8. 

Fig. 8 is a circuit diagram of a pixel of this embodiment. A pixel 304 has a iirst 
sub-pixel 305 and a second sub-pixel 306, which share one ptnver supply line V_i 
(i is an arbitrary number ranging from 1 to x) . 

The first sub-pixel 305 has a source signal line and rhc second sub-pixel 306 
has another source signal line. In this embodiment, the source signal line of the iirst 
sub-pixel 305 is called a first source signal line SLJ (i is an arhitrar>' number ranging 
from 1 to x) and the source signal line of the second sub-pixel 306 is called a second 
source signal line SR_i (i is an arbitrary number ranging from 1 to x). 

The first sub-pixel 305 has a writing gate signal line and the second sub-]^ixel 
306 has another writing gate signal line. In this embodiment, rhc writing gate signal 
line of the first sub-pixel 305 is called a first writing garc .signal line GaLj (j is an 
arbitrary number ranging from 1 to y) and the writing gate signal line of the second 
sub-pixel 306 is called a second writing gate signal line GaR J (j is an arbitrary 
number ranging from I to y) . 

The first sub-pixel 305 has an erasing gate signal line and die second sub-pixel 
306 has another erasing gate signal line. In this embodiment, l he erasing gate signal 
line of the first sub-pixel 305 is called a first erasing gate signal line GeLJ (j is an 
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arhitran- number ranging from 1 to y) and the erasing gate signal line ot the second 
sub-pixel 306 is called a second erasing gate signal line OeRj (j is an arbitrars 
number ranging from 1 to y) . 

The sub-pixels each have a switching TFT 3 10, a driving TFT > 11 , an erasing 
TFT 312, a light emitting element 313, and a capacitc^' 314. 

In each sub-pixel, the switching TFT 310 has a gate clecirodc connected lo 
the writing gate signal line GaJ of the sub-pixel. In this embodiment, the gate 
electrode of the switching TFT 3 10 of the first sub-pixel 305 is cc)nnectcd to the first 
writing gate signal line GaLj. The gate electrode of the switching TFT 3 10 oi the 
second sub-pixel 306 is connected to the second writing gate signal line GaRj. 

In each sub-pixel, the switching TFT 310 has a source region and a drain 
region one of which is connected to the source signal line of the sub-pixel and the 
other of which is connected to a gate electrode of the driving TFT 311 of the sub- 
pixel. In this embodiment, the switching TFT 310 of the first sub-pixel 305 has a 
source region and a drain region one of which is connected to the first source signal 
line SL_i m\d the other of which is connected to a gate electrcKle of the driving TFT 
3 1 1 of the first sub-pixel 305. The switching TFT 3 1 0 of the second sub-pixel 306 
has a source region, and a drain region one of which is connected to the second 
source signal line SR_i and the other of which is connected to a gate electrode oi 
the driving TFT 311 of the second sub-pixel 306. 

In each sub-pixel, a source region of the driving TFT 311 is connected to the 
power supply line V_i and a drain region of the driving TFT 3 1 1 is connected to a 
pixel electrode of the light emitting element 313 of the sub-pixel. 

In each sub-pixel, the easing TFT 3 12 is connected to the erasing gate signal 
line of the sub-pixel. In this embodiment, a gate electrode of the erasing TFT 3 1 2 
of the first sub-pixel 305 is connected to the first erasing gate signal line GeL J and 
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a gate electrode of the erasing TFT 3 12 of the second sub-pixel '^00 is connccicd lo 
the second erasing gate signal line GeR J. 

In each sub-pixel, the erasing TFT 3 12 has a source region and a drain region 
one of which is connected to the power supply line V_i and the other of which is 
connected to the gate electrode of the driving TFT 3 1 1 of i lie sub-pixel. 

In this embodiment, the first writing gate signal line GaLj and the second 
writing gate signal line GaRj are selected at the same time in a writing period. 

The number of switching TFTs connected to one writing gate signal line in 
this embodiment is half the number in the structure shown in Fig. IR. Accordingly, 
load on a gate signal line is reduced and thus response speed upon selecting the gate 
signal line is raised. 

This embodiment may be combined freely with Embodiments 1 through 4. 

[Embodiment 61 

This embodiment describes a light emitting device of the present invention in 
which each pixel has three sub-pixels. 

Tlie structure of the light emitting device of the preseni inx'cntion is described 
with reference to Figs. 9A and 9B. Fig. 9A is a block diagram of a display panel 
included in the light emitting device of the present invention. On a substrate (not 
shown in the drawing), a pixel portion 400, a source signal line driving circuit 401 , 
a writing gate signal line driving circuit 402, and an erasing gate signal line driving 
circuit 403 are provided. 

Tlie pixel portion 400 and a driving circuit group (including the source signal 
line driving circuit 401, the writing gate signal line driving circuit 402, and the 
erasing gate signal line driving circuit 403) are formed on the same substrate in this 
embodiment, but the present inventicm is not limited thereto. The pixel portion 
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400 and the driving circuit group may be fonned on dittercnt substrates to bo 
connected to each other through a connector such as an FPC. 

Numbers of the source signal Une driving circuit 401 and the gate signal line 
driving circuits (including the writing gate signal line dri\-ing circviit 402 and the 

5 erasing gate signal line driving circuit 403) are not limited to those sbown in big. 
9A. The number of the source signal line driving circuits 40 1 pnn-ided may be one 
or more. One or more gate signal line driving circuits may be prm-'ided, and one 
gate signal line driving circuit may substitute for the writing gate signal line dri\-ing 
circuit 402 and the erasing gate signal line driving circuit 403. 

10 hi the pixel portion 400, a plurality' of pixels form a matrix and each pixel 404 

has a plurality of sub-pixels. Each pixel may have as many sub-pixels as can be 
formed. In this embodiment, one pixel 404 has three sub-pixels, namely, a iirst sub- 
pixel 405, a second sub-pixel 406, and a third sub-pixel 407. 

A circuit diagram of the pixel is shown in Fig. 9B. The first sub-pixel 405, the 

15 second sub-pixel 406, and the third sub-pixel 407 of the pixel 404 share one power 
supply line V_i (i is an arbitrary' number ranging from 1 to x) and one writing gate 
signal line GaJ (j is an arbitrary number ranging from 1 to y). 

The first sub-pixel 405 has a source signal line, the second sub-pixel 406 has 
another source signal line, and the third sub-pixel 407 has still another sotirce signal 

20 line. In this embodiment, the source signal line of the first sub-pixel 405 is called 
a first source signal line SL_i (i is an arbitrary number ranging from 1 to x), the 
source signal line of the second sub-pixel 406 is called a second source signal line 
SR_i (i is an arbitrary' number ranging from 1 to x), and the source signal line oi t he 
third sub-pixel 407 is called a third source signal line ST_i (i is an arbitrary number 

25 ranging from 1 to x). 

The first sub-pixel 405 has an erasing gate signal line, the second sub-pixel 406 
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has another erasinf^ gate si<^nal line, and the third sub-pixel 407 has still anotlier 
erasing gate signal line. In this embodiment, the erasing gate signal line of the first 
sub-pixel 405 is called a first erasing gate signal line GeLj (j is an arbitrary number 
ranging from 1 to y), the erasing gate signal line of the second sub-pixel 406 is called 

5 a second erasing gate signal line GcRJ (j is an arbitrary number ranging from I to 
y), and the erasing gate signal line of the third sub-pixel 407 is called a third erasing 
gate signal line GeTj (j is an arbitrary number ranging from I to y) . 

The sub-pixels each have a switching TFT 410, a driving TFT 4 1 1, an erasing 
TFT 412, a light emitting element 413, and a capacitor 4 14. 

10 The switching TFT 410 of each sub-pixel has a gate electrode connected to 

the writing gate signal line GaJ. In each sub-pixel, the switching TFT 410 has a 
source region and a drain region one of which is connected to the source signal line 
of the sub-pixel and the other of which is connected to a gate electrode of the 
driving TFT 41 1 of the sub-pixel. In this embodiment, the switching TFT 410 of 

15 the first sub-pixel 405 has a source region and a drain region one of which is 
connected to the first source signal line SL_i and the other of which is connected 
to a gate electrode of the driving TFT 41 1 of the first sub-pixel 405. The switching 
TFT 410 of the second sub-pixel 406 has a source region and a drain regicni one oi 
which is connected to the second source signal line SR_i and the other ot which is 

20 connected to a gate electrode of the driving TFT 4 1 1 of the second sub-pixel 406. 
The switching TFT 410 of the third sub-pixel 407 has a source region and a dram 
region one of which is connected to the third source signal line ST_i and the other 
of which is connected to a gate electrode of the driving TFT 41 1 of the third sub- 
pixel 407. 

25 In each sub-pixel, a source region of the driving TFT 411 is connected to the 

pcHver supply line V_i and a drain region of the driving TFT 41 1 is connected to a 
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pixel electn^de of the li^,'ht emitting element 413 of the suh-pixcl. 

In each suh-pixel, the easing TFT 412 is connected to the erasing gate signal 
line of the sub-pixel. In this embodiment, a gate electrode of the erasing TFT 412 
of the first sub-pixel 405 is connected to the first erasing gate signal line GeL J, a 
gate electrode of the erasing TFT 412 of the second sub-pixel 406 is connected to 
the second erasing gate signal line GeRJ, and a gate electrode of the erasing TFT 
412 of the third sub-pixel 407 is connected to the third erasing gate signal line 
GeTj. 

In each sub-pixel, the erasing TFT 412 has a source region and a drain region 
one of which is connected to the power supply line V_i and the other of which is 
connected to the gate electrode of the driving TFT 41 1 of the sub-pixel. 

The number of sub-pixels in each pixel can be set at discretion in the present 
invention. As the number of sub-pixels is increased, lengths of sub-frame periods 
are reduced. 

This embodiment may be combined freely with Embodiments 1 through 5. 
[Embodiment 7] 

This embodiment gives descriptions on detailed structures of a source signal 
line driving circuit, a writing gate signal line driving circuit, and an erasing gate 
signal line driving circuit, which constitute a driving circuit group in a light emitting 
device of the present invention. 

Figs. 10 A and lOB are block diagrams of driving circuits in a light emitting 
device of this embodiment. Fig. lOA shows a source signal line driving circuit 60 1, 
which has a shift register 602, a latch (A) 603, and a latch (B) 604. 

In the source signal line driving circuit 601, clock signals (CLK) and start 
pulses (SP) arc inputted to the shift register 602. The shift register 602 generates 



timing signals in order in response to these clock signals (CLK) and start pulses (SP) 
and successively inputs the timing signals to downstream circuits through a huffer 
(not shown) or the like. 

The timing signals from the shift register 602 are buffered and amplified by a 
5 buffer or the like. A wiring line to which the timing signals are inputted is 
connected to many circuits or elements and therefore has large load capacitance 
(parasitic capacitance) . A large load capacitance dulls rising or falling of the timing 
signals. The buffer is provided to avoid dulled rising or falling. However, the buffer 
is not indispensable. 

10 The timing signals buffered and amplified by the buffer are inputted to the 

latch (A) 603. The latch (A) 603 has a plurality of stages of latches for processing 
n bit digital video signals. Upon receiving the timing signals, the latch (A) 603 
successively takes in n bit digital video signals that are inputted from the external 
to the source signal line driving circuit 601, and holds them inside. 

15 When the digital video signals are inputted to the latch (A) 603, the digital 

video signals may be inputted in order to the plural stages of latches of the latch (A) 
603. However, the present invention is not limited thereto. The plural stages of 
latches of the latch (A) 603 may be divided into some grcuips to conduct so-called 
division driving in which digital video signals are mputted concurrently to the 

20 respective groups. The number of groups is called the number of division. For 
example, when four stages of latches make one group, it is called four diviskni 
driving. 

A period required to finish writing digital video signals to all stages of latches 
in the latch (A) 603 is called a line period. In practice, the line period above plus 
25 a horizontal retrace period may be defined as a line period. 

As one line period is ended, latch signals are inputted to the latch (B) 604. In 
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this instant, the digital video signals that have been written and held in the latch 
(A) 603 are sent to the latch (B) 604 at once to be written and held in all stages of 
latches in the latch (B) 604. 

After sending the digital video signals to the latch (B) 604, the latch (A) 603, 
based on timing signals from the shift register 602, digital video signals are written 
in the latch (A) 603 in order in response to the timing signals. 

In this second time one line period, the digital video signals that have been 
written and held in the latch (B) 604 are inputted to source signal lines. 

Fig. lOB is a block diagram showing the structure of the writing gate signal Une 
driving circuit. 

The writing gate signal line driving circuit 605 has a shift register 606 and a 
buffer 607. The circuit may have a level shifter in some cases. 

In the writing gate signal line driving circuit 605, timing signals from the shift 
register 606 arc inputted to the buffer 607 and then inputted to corresponding 
writing gate signal lines (including a first writing gate signal line and a second 
writing gate signal line). Each writing gate signal line is connected to gate 
electrodes of switching TFTs of one line of pixels. The switching TFTs of one line 
of pixels have to be turned ON at once, and therefore the buffer used is capable ot 
causing a large amount of current to flow. 

The erasing gate signal line driving circuit has the same structure as the writing 
gate signal line driving circuit, so see Fig. lOB. However, in the erasing gate signal 
line driving circuit, outputs from the buffer are inputted to erasing gate signal lines 
(including a first erasing gate signal line and a second erasing gate signal line) . Each 
erasing gate signal line is connected to gate electrodes of erasing TFTs of one line 
of pixels. The erasing TFTs of one line of pixels have to he turned ON at once, and 
therefore the buffer used is capable of causing a large amount of current to flow. 
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This embodiment may be combined freely with Embodiments 1 through 6. 



[Embodiment 8] 

An example of a method of manufacturing a TFT of a light-emittrng device 

of the present invention is described with reference to Figs. I lA to 13B. A method 

5 of manufacturing simultaneously a switching TFT and a driving TFT provided in 

the pixel portion of the light- emitting device of the present invention, and the TFT 

of the driving portion provided in the vicinity of the pixel portion is described in 

detail according to processes. The explanation of manufacturing method of the 

H erasing TFT is omitted here, because it can be manufactured by the same method 
O 

p 10 of a switching TFT. 

y First, in this embodiment, a substrate 900 formed of glass such as barium 

bor<«ilicate glass or aluminum borosilicate, represented by Corning #7059 glass and 

W , 
=■3 #1737 glass is prepared. Note that, as the substrate 900, a quartz substrate may be 

fit used as long as the substrate is a light transmission type. A plastic substrate having 

CO 15 heat resistance to a process temperature of this embodiment may also be used. 

O 

U Then, a base film 90 1 is formed from an insulating film such as a silicon oxide 

film, a silicon nitride film or a silicon nitride oxide film, on the substrate 900 as 
shown in Fig. 1 lA. In this embodiment, a two-layer structure is used for the base 
film 90 1 . However, a single-layer film or a lamination film consistmg of two or more 

20 layers of the above-mentioned insulating film may be used. As a first layer ot the 
base film 901, a silicon nitride oxide film 901a is formed with a thickness of 10 to 
200 nm (preferably 50 to 100 nm) using SiH4, NH3, and N\0 as reaction gases by 
plasma CVD. In this embodiment, the silicon nitride oxide film 90 la (compositicni 
ratio Si = 32%, O = 27%, N = 24% and H = 17%) having a film thickness of 50 

25 nm is formed. Then, as a second layer of the base film 90 1, a silicon nitride oxide 



film 901b is formed so as to laminate thereon with a thickness of 50 to 200 nm 
(preferably 100 to 150 nni) using SiH^ and NjO as reaction <?ascs by plasma CVD. 
In this embodiment, the silicon nitride oxide film 901b (composition ratio Si = 
32%, O = 59%, N = 7% and H = 2%) having a film thickness of 100 nm is 
formed. 

Subsequently, semiconductor layers 902 to 905 are formed on the base film 
901. The semiconductor layers 902 to 905 are formed such that a semiconductor 
film having an amorphous structure is formed by a known method (a sputtering 
method, an LPCVD method, or a plasma CVD method), and is subjected to a 
known crystallization process (a laser crystallization method, a thermal 
cr>'stallization method, or a thermal crystallization method using a catalyst such as 
nickel and the like), and the crystalline semiconductor film thus obtained is 
patterned into desired shapes. The semiconductor layers 902 to 905 are formed 
with a thickness of 25 to 80 nm (preferably 30 to 60 nm) . The material of the 
crystalline semiconductor film is not particularly limited, but it is preferable to form 
the film using silicon, a silicon germanium (Si^Gej,^ (cy^pically X=O.OOOI to 0.02)) 
alloy, or the like. In this embodiment, after forming an amorphous silicon film with 
a thickness of 55 nm by plasma CVD, a nickel-containing solution is maintained on 
the amorphous silicon film. A dehydrogenation process of the amorphous silicon 
film is performed (500°C for one hour), and thereafter a thermal crystallization 
process is performed (550°C for four hours) thereto. Further, to improve the 
crystallinit^^ thereof, laser annealing process is performed to form the cr^'stalline 
silicon film. Then, this crystalline silicon film is subjected to a patterning process 
using a photolithography method, to thereby form the semiconductor layers 902 to 
905. 

Further, after the formation of the semiconductor layers 902 to 905, doping of 
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a minute amount of an impurity element (boron or phosphorus) may be conducted 
to control a threshold of the TFT. 

Besides, in the case where the crystalline semiconductcn- film is manufactured 
by the laser crystallization method, a pulse oscillation type ov continuous-emission 
type excimer laser, YAG laser, or YVO4 laser may be used. In the case where those 
lasers are used, it is appropriate to use a method in which laser light radiated from 
a laser oscillator is converged into a linear shape by an optical system, and is 
irradiated onto the semiconductor film. Although the conditions of the 
crystallizatit>n should be properly selected by an operator, in the case where the 
excimer laser is used, a pulse oscillation frequency is set to 300 Hz, and a laser 
energ>' density is set to 100 to 400 mj/cm" (typically 200 to 300 mj/cm'). Further, 
in the case where the YAG laser is used, it is appropriate that the second harmonic 
is used to set a pulse oscillation frequency to 30 to 300 kHz, and a laser energ\' 
density to 300 to 600 mj/cnr (typically, 350 to 500 mj/cm"). Then, laser light 
converged into a linear shape with a width of 100 to 1000 fim, for example, 400 ^^m 
is irradiated to the entire surface of the substrate, and an overlapping ratio (overlap 
ratio) of the linear laser light at this time may be set to 50 to 90%. 

A gate insulating film 906 is then formed for covering the semiconductor layers 
902 to 905. The gate insulating film 906 is formed from an insulating film 
containing silicon by plasma CVD or sputtering into a film thickness of from 40 to 
150 nm. In the embcxliment, the gate insulating film 906 is formed from a silicc^n 
nitride oxide film into a thickness of 1 10 nm by plasma CVD (composition ratio Si 
= 32%, O = 59%, N = 7%, and H = 2%). Of course, the gate insulating film is 
not limited to the silicon nitride oxide film, an insulating film containing other 
silicon may be formed into a single layer of a lamination structure. 

Beside, when the silicon oxide film is used, it can be formed by plasma CVD 
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in which TEOS (tetraethyl orthosiUcate) and are mixed, with a reaction pressure 
of 40 Pa, a substrate temperature of from 300 to 400 °C, and discharged at a high 
frequency (13.56 MHz) power density of 0.5 to 0.8 W/cm". GockI characteristics as 
the gate insulating film can be obtained in the silicon oxide film thus manufactured 

by subsequent thermal annealing at 400 to 500°C. 

Thereafter, a heat-resistant conductive layer 907 for forming a gate electrode 
is formed on the gate insulating film 906 with a first shape so as to have a thickness 
of 200 to 400 nm (preferably 250 to 350 nm). The heat-resistant conductive layer 
907 may be a single layer, or alternatively, have a layered-structure including a 
plurality of layers such as two or three layers, if necessary-. The heat-resistive 
conductive layer in the present specification includes a film made of elements 
selected from the group consisting of Ta, Ti, and W, an alloy film including the 
aforementioned elements as constituent components, or an alloy film in which the 
aforementioned elements are combined. These heat-resistive conductive layers can 
be formed with a sputtering method or a CVD method, and it is preferable to reduce 
the concentration of impurities contained therein in order to obtain a low 
resistance. Especially, the oxygen concentration is preferably set to be at 30 ppm or 
lower. In this embodiment, the W film may be formed to have a thickness of 300 
nm. The W film may be formed with a sputtering method employing a W target, 
or with a thermal CVD method employing hexafulouride tungsten (WF^,) . In either 
case, the resistance of the film is required to be lowered in order to be used as a gate 
electrode, so that the resistivity- of the resultant W film is preferably set to be at 20 
/xQcm or lower. The W film can have a lower resistivity with a larger grain size. 
However, when a larger amount of impurity elements such as oxygen is contained 
in the W film, crystallization is adversely affected to cause high resistance. Thus, 
in the case where a sputtering method is employed to form a W film, a W target 



with the purity of 99.99% or 99.9999% are employed, and sufficient attention is paid 
so as to prevent impurities from being mixed into the W film from the ambient 
atmosphere durin^,' the deposition, thereby resulting in a resistivity of 9 to 20 

5 On the other hand, in the case where a Ta film is used as the heat-resistive 

conductive layer 907, the film can be similarly formed with a sputtering method. 

For the Ta film, an Ar gas is used as a sputtering gas. In addition, when an 
appropriate amount of Xe or Kr are added into the gas during the sputtering process, 
an internal stress of the resultant film can be relaxed so that the film can be 

10 prevented from being peeled off. The resistivity of the a-phase Ta film is about 20 
fxQcm, and thus can be used as a gate electrode. However, the P-phase Ta film has 
the resistivity of about 180 ^tQ cm, which is not suitable for forming a gate electrode. 
Since the TaN film has a crystal structure close to that of the a-phase Ta film, the 
a-phase Ta film can be easily obtained by forming the underlying TaN film prior to 

15 the deposition of the Ta film. In addition, although not illustrated, it is effective to 
form a silicon film having a thickness of about 2 to 20 nm and doped with 
phosphorus (P) beUw the heat-resistive conductive layer 907. Thus, close adhesion 
to the overlying conductive film as well as prevention of oxidation can be realised, 
and furthermore, alkaline metal elements contained in the heat-resisti^'e conductive 

20 layer 907 at a minute amount can be prevented from being diffused into the gate 
insulating film 906 having the first shape. In either case, it is preferable to set the 
resistivity of the heat-resistive conductive layer 907 in the range from 10 to 50 fiQ 
cm. 

Then, other masks 908 made of a resist are formed with a photolithography 
25 technique. A first etching process is then performed. In this embodiment, an ICP 
etching apparatus is employed with Ch and CF^ as etching gases, and the erchinu 
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is performed by forming plasma with an applied RF (13.56 MHz) power of 3.2 
mW/cm^ under a pressure of 1 Pa. An RF (13.56 MHz) power of 224 mW/cm' is 
also applied to the substrate (to a sample stage), so that substantially a negative self- 
biasing voltage can be applied. An etching speed of the W film under the above 
conditions is ab(jut 100 nm/min. In the first etching process, a time period required 
for the W film to be just etched away is calculated based on the above-mentioned 
etching speed, and the resultant time period is increased by 20% to be set as the 
actual etching time period. 

Conductive layers 909 to 912 having a first tapered shape are formed through 
the first etching process. The tapered angle of 15 to 30 degrees can be obtained. 
In order to perfcum the etching process without remaining any etching residue, 
overetching is performed in which an etching time is increased by 10 to 20%. A 
selection ratio of the silicon nitride oxide film (the gate insulating film 906) with 
respect to the W film is about 2 to 4 (typically 3) , and therefore, the exposed surface 
of the silicon nitride oxide film can be etched away by about 20 to 50 nm through 
the overetching. (See Fig. II B.) 

Thereafter, a first doping process is performed so that impurity elements with 
one conductivity t\'pe are added into the semiconeluctor layers. In this embodiment, 
the impurity elements providing the n-type conductivity are added. The mask 908 
used for forming the first-shaped conductive layers are remained, and the 
conductive layers 909 to 912 having the first tapered shapes are used as masks so 
that the impurit>' elements for providing the n-type conductivity' are added with the 
ion doping method in a self-aligning manner. In order that the impurity elements 
for providing the n-type conductivity are added so as to pass through the tapered 
portion and the gate insulating film 906 at the end portion of the gate electrode and 
reach the underlying semiconductor layer, the dosage is set in the range from 1 X 
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lO^-' to 5 X lO'"* atoms/cm' and the accelerating volta^'c is set in the range from 80 
to 160 keV. As the impurity elements for providing the n-type conductivity, 
elements in Group 1 5 in the periodic table, typically phosphorus (P) or arsenic (As) , 
can be used. In this embodiment, phosphorus (P) is used. Through the above- 

5 described ion doping method, the impurity elements for providing the n-type 
conductivity are added to first impurity regions 914 to 917 in the concentration 
range from 1 X 10'° to 1 X 10'^ atoms/cm'. (See Fig. 1 IC.) 

In this processes, the impurity elements are entered below the first conductive 
layers 909 to 912, and the first impurity elements regions 914 to 917 may overlap 

10 with the first conductive layers 909 to 912 according to the doping condition. 

Then, as shown in Fig. IID, a second etching process is performed. This 
etching process is similarly performed with the ICP etching apparatus by employing 
a mixture gas of CF^ and Ch as an etching gas under the conditicms of an applied RF 
power of 3.2 W/cm" (13.56 MHz) and a bias power of 45 mW/cnr (13.56 MHz) 

15 under a pressure of 1.0 Pa. Thus, conductive layers 918 to 921 are formed to have 
a second shape obtainable under these conditions. Tapered portions are formed at 
respective end portions thereof, in which a thickness is gradually increased inwardly 
from the respective end portions. As compared with the first etching process, an 
isotropic etching component is increased due to a reduction in the bias power to be 

20 applied to the substrate side, so that the tapered portions are formed to have an 
angle of 30 to 60 degrees. The mask 908 are shaved the periphery potion by an 
etching, and then it will be as the mask 922. In addition, the surfaces of the gate 
insulating films 906 are etched away by about 40 nm in the process of Fig. 11 D. 
Thereafter, the impurity elements for providing the n-type conductivity are 

25 doped with a reduced dosage at a higher accelerating voltage, as compared to the 
first doping process. For example, the accelerating vtiltage is set m the range tvom 
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70 to 120 kcV and the dc)sa<,'e is set at 1 x 10^^ atoms/cm". The concentrated first 
impurity element regions 924 to 927 and the second impurity' element regions 92S 
to 931 which comes in contact with the ahove-mcntioned first impurity element 
regions 924 to 927 are formed. In this processes, impurity elements are entered 
helow the second shaped conductive layers 918 to 921, and the second impurity 
regions 928 to 931 may overlap with the second impurity layers 918 to 921 
according to the doping condition. The second shape are set to be in the range from 
1 X 10'^ to 1 X 10'® atoms/cm\ (See Fig. 12A.) 

Then, as shown in Fig. 12B, impurity regions 933 (933a and 933b) and 934 
(934a and 934b) with the opposite conductivity are formed in the semiconduc ten- 
layers 902 and 905 that constitute p-channel TFTs. The impurity elements for 
providing the p-type conductivity' are doped with the second shaped conductive 
layers 918 and 921 as masks to form the impurity regions in a self-aligning manner. 
In this case, the island-shaped semiconductor layers 903 and 904 that constituce the 
n-channel TFTs are entirely covered with resist masks 932. The inipurity regions 
933 and 934 in this stage are formed with the ion doping method employing 
diborane (B^HJ . The concentrations of the impurity elements for providing the p- 
type conductivity in the impurity regions 933 and 934 are set in the range firom 2 x 
10-° to 2 X 10-' atoms/cm\ 

However, these impurit>' regions 933 and 934 when viewed in more detail can 
be divided into two regions containing the impurity elements for providing the n- 
type conductivity. Mt^re specifically, third impurity regions 933a and 934a contain 
the impurity elements for providing the n-type conductivity in the range firom 1 X 
10-° to 1 X 10-' atoms/cm^ fourth impurity regions 933b and 934b contain the 
impurity elements for providing the n-type conductivity in the range trom 1 x 10" 
to I X 10-°attnus/cm'. Htnvever, when the concentrations of the impurity elements 



for providing the p-type conductivity are set to be at I x lO'^ anniis/cm^ or more in 
the fourth impurity regions 933b and 934b, and the concentrations of the impurity 
elements for providing the p-type conductivity are set to become 1.5 to 3 times 
larger in the third impurity regions 934a and 934a, no adverse problems occur for 
5 allowing the third impurity regions to function as source and drain regions of the p- 
channel TFTs. 

Thereafter, as shown in Fig. 1 2C, a first interlayer insulating film 93 7 is formed 
over the second shaped conductive layers 918 to 921 and the gate insulating film 
906. The first interlayer insulating film 937 may be formed of a silicon oxide film, 

10 a silicon nitride film, a silicon nitride oxide film, or a layered film in which these 
films are combined. In either case, the first interlayer insulating film 937 is formed 
of an inorganic insulating material. The film thickness of the first interlayer 
insulating film 937 is set to be in the range from 100 to 200 nm. When a silicon 
oxide film is to be employed, the film is formed with the plasma CVD method in 

15 which TEOS and O. are mixed to each other, and the discharge is generated under 
the conditions of a reaction pressure of 40 Pa, a substrate temperature in the range 
of 300 to 400°C, and a high frequency (13.56 MHz) power density of 0.5 to 0.8 
W/cm'. When a silicon nitride oxide film is to be employed, as the first interlayer 
insulating film 937 the film is formed of a silicon nitride oxide film formed with the 

20 plasma CVD method from SiH4, NjO, and NH3, or a silicon nitride oxide film 
formed with the plasma CVD method from SiH^ and N.O. The film formation 
conditions in these cases are set as follows: a reaction pressure in the range from 20 
to 200 Pa, a substrate temperature in the range of 300 to 400°C, and a high 
frequency (60 MHz) power density of O.I to 1.0 Wycm". Akernatively, a 

25 hydrogenated silicon nitride oxide film formed from SiH^, N,0, and H, may also be 
used as the first interlayer insulating film 937. A silicon nitride film can also be 
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formed with a plasma CVD method from SiH^ and NH3. 

Then, a process for activating the impurity elements providing the p-type and 
n-type conductivities added at the respective concentrations is performed. This 
process is realized as a thermal annealing method which employs a furnace anneal 
oven. Alternatively, a laser annealing method, or a rapid thermal annealing method 
(RTA method) may he applied for that purpose. The thermal annealing is 
performed within a nitrogen atmosphere having the oxygen concentration of 1 ppm 
or lower, preferably 0. 1 ppm or lower, at 400 to 700°C, typically 500 to 600°C. In 
this embodiment, the thermal annealing is performed at 550°C for 4 hours. In the 
case where a plastic substrate having a low heating endurance temperature is 
employed for the substrate 501, a laser annealing method is preferably employed. 

After the activation process, the surrounding atmospheric gases are switched 
to a hydrogen atmosphere containing hydrogens at the concentration of 3 to 100%. 
A heat process is performed in this atmosphere at 300 to 450°C for 1 to 12 hours so 
that the semiconductor layers are hydrogenated. In this process, dangling bonds 
existing in the semiconductor layers at the concentration of 10'^ to lO'^ /cm^ arc 
terminated with thermally excited hydrogens. As another means for the 
hydrogenation, plasma hydrogenation (in which hydrogens excited by means of 
plasma are employed) may be performed. In either case, the defect densities in the 
island-shaped semiconductor layers 902 to 905 are preferably set to be at lO''' /cn\' 
or lower. For that purpose, hydrogens in the semiconductor layers are added at the 
concentration of about 0.01 to 0.1 atomic%. 

Then, a second interlayer insulating film 939 made of an organic insulating 
material is formed from 1.0 to 2.0 i^m. As the organic insulatmg material, 
polyimide, acr^-lic, polyamide, polyimideamide, BCB (benzocyclobutene) , or the like 
may be used. Here, polyimide of the type that is thermally polymerized after being 
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applied to the substrate is used, and the film is formed by carryin*,' out bakin<,' at 
300 °C. In the case where an acrylic resin is to be used, a two-liquid type material 
is used. A main component and a curing agent are mixed and the resultant mixture 
is applied onto the entire substrate by a spinner, and thereafter, a preliminary 
heating at 80°C for 60 seconds is performed with a hot plate and the bakin^^ is 
further performed in a clean oven at 250°C for 60 minutes. 

By thus forming the second interlayer insulating film 939 of an organic 
insulating material, the surface thereof can be easily planarized. In addition, since 
the organic resign material has in general a low dielectric constant, a parasitic 
capacitance can be reduced. However, the organic resin material tends to absorb 
water, and therefore, is not suitable for the use as a protective film. Accordingly, 
as in this embodiment, it is preferable to combine the organic insulating film with 
a silicon oxide film, a silicon nitride oxide film or a silicon nitride film formed as the 
first interlayer insulating film 937- 

Thereafter, a resist mask having a predetermined pattern is formed to form 
contact holes that reach the respective impuriry- regions formed in the 
semiconductor layers so as to function as a source or drain region. These contact 
holes are formed with a dry etching method. In this case, a mixture gas of CF^, O., 
and He is used as an etching gas to first etch away the second interlayer insulating 
film 939 made of the organic insulating material. The first interlayer insulating film 
937 is then etched away with a mixture gas of CF^ and O, as an etching gas. 
Furthermore, the etching gas is switched to CHF3 so as to enhance a selection ratio 
with respect to the semiconductor layers, and the third shaped gate insulating films 
570 are etched away, thereby resulting in the contact holes being formed. 

A conductive metal film is formed by sputtering or \-acuum evaporation and 
is patterned using a mask. The film is then etched to form source wiring lines 940 
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to 943 and drain wiring lines 944 to 946. Though not shown in the drawings, the 
wiring lines in this embodiment are a laminate of a Ti film with a thickness of 50 nm 
and an alloy film (alloy film of Al and Ti) with a thickness of 500 nm. 

A transparent conductive film is formed thereon to have a thickness of 80 to 
120 nm and is patterned to form a pixel electrode 947 (Fig. 1 3 A) . This embodiment 
uses as the transparent electrode an indium tin oxide (ITO) film or a transparent 
conductive film obtained by mixing 2 to 20% of zinc oxide (ZnO) with indium 
oxide. 

The pixel electrode 947 is electrically connected to a drain region of a driving 
TFT 963 by forming the pixel electrode such that it contacts and overlaps the drain 
wiring line 946. 

Next, a third interlayer insulating film 949 having an aperture at a position 
that coincides with the pixel electrode 947 is formed as shown in Fig. 13B. The 
third interlayer insulating film 949 is capable of insulating, and functions as a bank 
to separate organic compound layers of adjacent pixels from each other. This 
embodiment uses a resist for the third interlayer insulating film 949. 

In this embodiment, the third interlayer insulating film 949 is about 1 [xm in 
thickness and the aperture is shaped to have a so-called reverse tapered shape in 
which the width is increased toward the pixel electrode 947. This is obtained by 
covering the resist film with a mask except the portion where the aperture is to be 
formed, exposing the film through irradiation of UV light, and then removing the 
exposed portion using a developer. 

The third interlayer insulating film 949 reversely tapered as in this 
embodiment separates organic compound layers of adjacent pixels from each other 
when the organic compound layers are fomied in a later step. Therefore cracking 
or peeling of the organic compound layers can be prevented even if the organic 
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compound layers and the third interlayer insulating film 949 have different thermal 
expansion coefficient. 

Although a resist film is used in this embodiment for the third interlayer 
insulating film, polyimide, polyamide, acrylic, BCB (benzocycrobutene) , or silicon 
5 oxide film may be used in some cases. The third interlayer insulating film 949 may 
be organic or inorganic as long as the material is capable of insulating. 

An organic compound layer 950 is formed by evaporation. A cathode (MgAg 
electrode) 951 and a protective electrode 952 are also formed by evaporation. 
Desirably, heat treatment is performed on the pixel electrode 947 to remove 
H 10 moisture completely from the electrode before forming the organic compound layer 
3 950 and the cathode 95 1. Though the cathode of the light emitting element is a 

W MgAg electrode in this embodiment, other known materials may be used instead. 

Ip: The organic compound layer 950 can be formed from a known material. In 

yj 

s this embodiment, the organic compound layer has a two-layer structure consisting 

rU 15 of a hole transporting layer and a light emitting layer. The organic compound layer 
CO may additionally have a hole injection layer, an electron injection layer, or an 

p electron transporting layer. Various combinations of these layers have been 

reported and any of them can be used. 

In this embodiment, the hole transporting layer is polyphenylene vinylene 
20 deposited by evaporation. The light emitting layer is obtained by evaporation of 
polyvinyl carbazole with molecular dispersion of 30 to 40% of PBD that is a 1, 3, 4 - 
oxadiazole derivative and by doping the resultant film with about 1% of coumarine 
6 as green color luminescent center. 

The protective electrode 952 alone can protect the organic compound layer 
25 950 from moisture and oxygen but adding a protective film 953 is more desirable. 
The protective film 953 in this embodiment is a silicon nitride film with a thickness 
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of 300 nm. The protective electrode and the protective fihii may be formed in 
succession without exposing the substrate to the air. 

Tlie protective electrode 952 also prevents degradation of the cathode 951. 
Typically, a metal film containing aluminum as its main inf,'redient is used for the 
protective electrode. Other materials may of course he u^ed. The organic 
compound layer 950 and the cathode 951 are very weak against moisture. 
Therefore it is desirable to form them and the protective electrode 952 in succession 
without exposing the substrate to the air to protect them from the outside air. 

The organic compound layer 950 is 10 to 400 nm in thickness (typically 60 to 
150 nm). The cathode 951 is 80 to 200 nm in thickness (typically 100 to 150 
nm) . 

Thus completed is a light emitting device structured as shown in Fig. 1 3B. A 
portion 954 where the pixel electrode 947, the organic compound layer 950, and the 
cathode 95 1 overlap corresponds to the light emitting element. 

A p-channel TFT 960 and an n-channel TFT 961 are TFTs of the driving 
circuit 970 and constitute a CMOS. A switching TFT 962 and a driving TFT 963 
are TFTs of the pixel portion 971. The TFTs of the driving circuit 970 and the 
TFTs of the pixel portion 971 can be formed on the same substrate. 

In the case of a light emitting device using a light emitting element, its driving 
circuit can be operated by a power supply having a voltage of 5 to 6V, 10 V, at most. 
Therefore, degradation of TFTs due to hot electron is not a serious problem. Also, 
smaller gate capacitance is preferred for the TFTs since the driving circuit needs to 
operate at high speed. Accordingly, in a driving circuit of a light emitting device 
using a light emitting element as in this embodiment, the second impurity region 
929 and the fourth impurity region 933b of the semiconductor layers of the TFTs 
preferably do not overlap the gate electrode 918 and the gate electrode 919, 
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respectively. 

The method of manufacturing the light emitting device of the present 
invention is not limited to the one described in this embodiment. The li.^ht 
emitting device of the present invention may be manufactured by a known 
5 method. 

This embodiment may be combined freely with Embodiments 1 through 7. 
lEmbodiment 9] 

This embodiment describes a different method of manufacturing a light 
emitting device of the present invention from the method in Embodiment 8. 
10 Steps up through the step of forming the second intcrlayer insulatins film 939 

are the same as in Embodiment 8. After the second intcrlayer insulating film 939 
is formed, a passivation film 939 is formed such that it is in contact with the second 
intcrlayer insulating film 939 as shown in Fig. I4A. 

The passivation film 939 is effective in preventing n-n)isture ccnitained in the 
1 5 second intcrlayer insulating film 939 from seeping into the organic ct)mpound layer 
950 through the pixel electrode 947 and a third interlayer insulating film 982. 
Providing the passivation film 939 is effective especially when the second interlayer 
insulating film 939 has an organic resin material since organic resin materials 
contain a lot of moisture. 
20 In this embodiment, a silicon nitride film is used as the passivation tilm 939. 

Thereafter, a resist mask having a given pattern is formed and contact holes 
are formed to reach impurity regions that serve as source regions or drain regions in 
the respective semiconductor layers. The contact holes are formed by dr\' etching. 
In this case, a mixture gas of CF^, O,, and He is used as etching gas to etch the 
25 second interlaver insulating film 939 formed of an organic rcsm material tirst. Then 
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the etching gas is changed to CF^ and to etch the first interlayer insulating film 
937. The etching gas is further switched to CHF3 in order to raise the selective ratio 
with respect to the semiconductor layers, and the third shape gate insulating film 
906 is etched to form the contact holes. 

5 Further, a conductive metal film is formed hy sputtering or vacuum 

evaporation and is patterned using a mask. The film is then etched to form source 
wiring lines 940 to 943 and drain wiring lines 944 to 946. Though not shown in the 
drawings, the wiring lines in this embodiment are a laminate of a Ti film with a 
thickness of 50 nm and an alloy film (alloy film of Al and Ti) with a thickness o( 500 

10 nm. 

A transparent conductive film is formed thereon to have a thickness of 80 to 
120 nm and is patterned to form the pixel electrode 947 (Fig. 14A). This 
embodiment uses as the transparent electrode an indium tin oxide (ITO) film ov a 
transparent conductive film obtained by mixing 2 to 20% of zinc oxide (ZnO) with 
15 indium oxide. 

The pixel electrode 947 is electrically connected to a drain region of a driving 
TFT by fonning the pixel electrode such that it contacts and overlaps the drain 
wiring line 946. 

Next, the third interlayer insulating film 982 having an aperture at a position 
20 that coincides with the pixel electrode 947 is formed as shown in Fig. 14B. This 
embodiment uses dry etching in forming the aperture, thereby shaping it into 
tapered side walls. Unlike the case shown in Embodiment 8, organic compound 
layers to be formed on the third interlayer insulating film 952 are not separated from 
each other. Therefore, side walls of the aperture have to be tapered gently. 
25 Otherwise degradation of organic compound layers caused by the level difference 
will be a serious problem. 
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Although a silicon oxide film is used in this embodiment as the third interlayer 
insulating film 982, a film of an organic resin such as polyimide, polyamide, acrylic, 
or BCB (benzocycrobutene) may be used in some cases. 

Preferably, plasma treatment using argon is performed on the surface of the 
third interlayer insulating film 982 before forming the organic compound layer 950 
on the third interlayer insulating film 982, thereby increasing the density' of the 
surface of the third interlayer insulating film 982. With the above structure, 
moisture from the third interlayer insulating film 982 is prevented from seeping into 
the organic compound layer 950. 

The organic compound layer 950 is formed by evaporation. A cathode (MgAg 
electrode) 951 and a protective electrode 952 are also formed by evaporation. 
Desirably, heat treatment is performed on the pixel electrode 947 to remove 
moisture completely from the electrode before forming the organic compound layer 
950 and the cathode 95 1. Though the cathode of the light emitting element is a 
MgAg electrode in this embodiment, other known materials may be used instead. 

The organic compound layer 950 can be formed from a known material. In 
this embodiment, the organic compound layer has a two-layer structure consisting 
of a hole transporting layer and a light emitting layer. The organic compound layer 
may additionally have a hole injection layer, an electron injection layer, or an 
electron transporting layer. Various combinations of these layers have been 
reported and any of them can be used. 

In this embodiment, the hole transporting layer is polyphenylene vinylene 
deposited by evaporation. The light emitting layer is obtained by evaporation ot 
polyvinyl carbazole with molecular dispersion of 30 to 40% of PBD that is a 1, 3, 4 - 
oxadiazole derivative and by doping the resultant film with about 1% of coumaruie 
6 as green color luminescence center. 
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The pr(3tectivc electrode 952 alone can protect the organic compcumJ layer 
950 from moisture and oxygen hut adding a protective film 953 is more desirable. 
The protective film 953 in this embodiment is a silicon nitride film with a thickness 
of 300 nm. The prc^tective electrode and the protective film may be formed in 

5 succession without exposing the substrate to the air. 

The protective electrode 952 also prevents degradation of the cathode 951. 
Typically, a metal film containing aluminum as its main ingredient is used for the 
protective electrode. Other materials may of course be used. The organic 
compound layer 950 and the cathode 951 are very weak against moisture. 

10 Therefore, it is desirable to form them and the protective electrode 952 in 
succession without exposing the substrate to the air to protect them from the 
outside air. 

The organic compound layer 950 is 10 to 400 nm in thickness (t^^pically 60 to 
150 nm). The cathode 951 is 80 to 200 nm in thickness (rypically 100 to 150 
15 nm). 

Thus completed is a light emitting device structured as shown in Fig. 14B. A 
portion 954 where the pixel electrode 947, the organic compound layer 950, and the 
cathode 95 1 overlap corresponds to the light emitting element. 

A p-channel TFT 960 and an n-channel TFT 961 are TFTs of the driving 
20 circuit 970 and constitute a CMOS. A switching TFT 962 and a driving TFT 963 
are TFTs of the pixel portion 971. Tlie TFTs of the driving circuit 970 and the 
TFTs of the pixel portion 971 can be formed on the same substrate. 

The method of manufacturing the light emitting device of the present 
invention is not limited to the one described in this embodiment. The TFTs of the 
25 light emitting device of the present invention may be manufactured by a known 
method. 
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This cmHodimcnr mav he comhincd treeh' with EnihcKlinicnt> 1 throu.sjli S. 



[Emhodimcnt 10] 

In this onihodimcnt, an external light-emittinfj; qiianruni otViciency can be 
remarkably impr(.)\'cJ by usin<i; an organic compoiiiui niarcrial bv which 
phosphorescence from a triplet exciton can be employed tor emittin<^ a lifzht. As a 
result, the power consumption of the light-emitting element can be reduced, ihe 
lifetime of the light-emitting element can be elongated and the weight of the light- 
emitting element can be lightened. 

The following is a report where the external light-emirting quantum efficiency 
is improved by using the triplet exciton (T. Tsut.sui, C. Adachi, S. Saito, 
Photochemical processes in Organized Molecular Systems, ed. KC. Hcmda, (Hlsex-ier 
Sci. Pub., Tokyo, 1991) p. 437). 

Tlie molecular formula of an organic compound material (coumarin pigment) 
reported by the above article is represented as follows. 

(Chemical formula 1) 



(M. A. Baldo, D.F.O' Brien, Y. You, A. Shoustikcn-, S. Sibley, M.E. Thompson, 
S.R. Forrest, Nature 395 (1998) p. 151) 

The molecular formula of an organic compcnind material (Pt complex) 
reported bv the above article is represented as follow.^. 



o 
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(Chemical formula 2) 



E t E t 




E t E t 



(M.A. RaLIc), S. Lamansky, P.E. Burrows, M.E.Thompson, S.R. Forrest, Appl. 
Phys. Lett., 75 (1999) p.4.) 

(T.Tsutsui, M.-J-Yan^i, M. Yahiro, K. Nakamura, T.Watanahe, T. Tsuji, Y. 
Fukuda, T. Wakimoto, S. Mayaguchi, Jpn, Appl. Phy.., 38 (12B) (1999) L1502) 

The molecular formula of an organic compound material (h" complex) 
reported by the abt)ve article is represented as foUovvs. 

(Chemical formula 3) 




As described above, if phosphorescence from a triplet exciton can be put to 
practical use, it can realize the external lisht-emittint,' quantum efficiency three to 
four times as hi.yh as that in the case of using fluorescence irom a singlet exciton in 
pruiciple. 

Further, the structure of this embodiment can be implemented bv rreelv 
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combining with any structure of Embodiments 1 to 9. 
[Embodiment 11] 

This embodiment describes an example of manufacturint^ a light emitting 
device of the present invention with reference to Figs. 15A to 15C. 

Fig. 15 A is a top view of a light emitting device obtained by sealing with a 
seahng member a substrate with a light emitting element and TFTs formed on a 
surface (TFT substrate). Fig. 15B is a sectional view taken along the line A-A' of 
Fig. 15A. Fig. 15C is a sectional view taken along the line B-B' of Fig. 15A. 

A pixel portion 4002, a source signal line driving circuit 4003, and writmg and 
erasing gate signal line driving circuits 4004a and 4004b are formed on a substrate 
4001. A seal member 4009 is provided so as to surround the pixel portion and the 
driving circuits. A sealing member 4008 is provided over the pixel portion 4002, the 
source signal line driving circuit 4003, and the writing and erasing gate signal line 
driving circuits 4004a and 4004b. Accordingly, the pixel portion 4002, the source 
signal line driving circuit 4003, and the writing and erasing gate signal line driving 
circuits 4004a and 4004b are sealed by the substrate 4001, the seal member 4009 
and the sealing member 4008 using a filler 4210. 

The pixel portion 4002, the source signal lixie dri^'ing circuit 4003, and the 
writing and erasing gate signal line driving circuits 4004a and 4004b that are formed 
over the substrate 4001 have a plurality' of TFTs. Fig. 15B shows as exemplar^' TFTs 
a driving circuit TFT (an n-channel TFT and a p-channel TFT are shown here) 
4201 included in the source signal line driving circuit 4003 and a driving TFT (a 
TFT that controls current flowing into a light emitting element) 4202 included in 
the pixel portion 4002. The TFTs 4201 and 4202 are formed on a base film 
4010. 
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In this embodiment, the driving circuit TFT 4201 is a p-channel TFT and an 
n-channel TFT that are manufactured by a known method and the driving TFT 
4202 is a p-channel TFT manufactured by a known method. The pixel portion 
4002 is provided with a capacitor storage (not shown) that is connected to a gate 
of the driving TFT 4202. 

On the driving circuit TFT 4201 and the driving TFT 4202, an interlayer 
insulating film (planarization film) 4301 is formed. A pixel electrode (anode) 4203 
is formed thereon to be electrically connected to a drain region of the driving TFT 
4202. A transparent conductive film having a large work function is used for the 
pixel electrode 4203. The transparent conductive film may be formed from a 
compound of indium oxide and tin oxide or a compound of indium oxide and -inc 
oxide, or from zinc oxide, tin oxide, or indium oxide alone. The transparent 
conductive film may be added with gallium. 

On the pixel electrode 4203, an insulating film 4302 is formed. An aperture 
is formed above the pixel electrode 4203 in the insulating film 4302. In the 
aperture, an organic compound layer 4204 is formed above the pixel electrode 4203. 
The organic compound layer 4204 is formed from a known organic or inorganic 
compound material that provides luminescence generated upon application of 
electric field. Organic compound materials are divided into low-molecular weight 
(monomer) materials and high molecular weight (polymer) materials and both types 
can be used. 

A known evaporation technique or coating technique is used to form the 
organic compound layer 4204- The organic compound laver may be a single layer 
of light emitting layer, or may be a laminate obtained by ccnnbining a light emitting 
layer with layers selected from a hole injection layer, a hole transporting layer, an 
electron transporting layer, and an electron injection layer. 
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A cathode 4205 is formed on the organic compound layer 4204 from a lif^ht- 
shielding conductive film (typically, a conductive film containinj,^ aluminum, copper 
(^r silver as its main in<^redicnt, or a laminate of this conductive film and other 
conductive films) . Desirably, moisture and oxygen present at the mterface between 

5 the cathode 4205 and the organic compound layer 4204 are removed as much as 
possible. To achieve this, some devising is needed such as forming the organic 
compound layer 4204 in a nitrogen or noble gas atmosphere and then forming the 
cathode 4205 without allowing oxygen and moisture to contact with the films. This 
embodiment achieves such film formation by using a multi-chamber type (cluster 

10 tool type) film formation apparatus. A given voltage is applied to the cathode 
4205. 

Thus completed is a light enaitting element 4303 composed of the pixel 
electrode (anode) 4203, the organic compound layer 4204, and the cathode 4205. 
A protective film 4209 is formed on the insulating film 4302 so as to cover the light 
15 emitting element 4303. The protective film 4209 is effective in preventing oxygen 
and moisture from entering the light emitting element 4303. 

Denoted by 4005a is a lead-out wiring line that is connected to a power supply 
line and electrically connected to a source region of the driving TFT 4202. The 
lead-out wiring line 4005a runs between the seal member 4009 and the substrate 
20 4001 and is electrically connected to an FPC wiring line 4401 of an FPC 4006 
through an anisotropic conductive film 4300. 

The sealing member 4008 may be glass, metals (topically stainless steel), 
ceramics, or plastics (including plastic films) . Plastics usable as the sealing member 
include FRF (tiberglass-reinforced plastics) plates, PVF (polyvinyl fluoride) films, 
25 Mylar films, polyester films, and acrylic resin films. A sheet of aluminum foil 
sandwiched between PVF films or Mylar films may also be used. 
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However, the sealing member has to be transparent when light is emitted from 
the light emitting element toward the sealing member side. In this case, a 
transparent material such as a glass plate, a plastic plate, a polyester film, or an 
acrylic film is used. 

The filler 42 10 may be inert gas such as nitrogen or argon. A UV curable re.sin 
or a thermally curable resin may be used as well and examples of the usable resin 
include PVC (polyvinyl chloride), acrylic, polyimide, an cpoxy resin, a silicone resin, 
PVB (polyvinyl butylal), and EVA (ethylene vinyl acetate). The filler used in this 
embodiment is nitrogen. 

In order to expose the filler 42 10 to a hygroscopic substance (preferably barium 
oxide) or a substance capable of adsorbing oxygen, a concave portion 4007 is 
provided on a surface of the sealing member 4008 which faces the substrate 4001 
to place a hygroscopic or oxygen- adsorbing substance 4207. The hygroscopic or 
oxygen-adsorbing substance 4207 is held to the concave portion 4007 by a concave 
portion cover member 4208 to prevent the hygroscopic or oxygen- adsorbing 
substance 4207 from scattering. The concave portion cover member 4208 is a dense 
mesh so that air and moisture are allowed to pass but not the hygroscopic or oxygen- 
adsorbing substance 4207. By providing the hygroscopic or oxygen- adsorbing 
substance 4207, degradation of the light emitting element 4303 can be 
controlled. 

As shown in Fig. 15C, a conductive film 4203a is formed such that it is m 
contact with the top face of the lead-out wiring line 4005a at the same time the 
pixel electrode 4203 is formed. 

Tlie anisotropic conductive film 4300 has a conducti\'e filler 4300a. When the 
substrate 4001 and the FPC 4006 are thermally press-titted, the conductive filler 
4300a electrically connects the conductive film 4203a on the substrate 4001 with 
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rhc FPC wirincr line 4401 on the FPC 4006. 

This emhodimcnt can be combined freely with Embodiments 1 through 10. 



1 Embodiment 12] 

The light-emitting device is of the self-emission type, and thus exhibits more 
5 excellent recognizability of the displayed image in a light place as ct)mpared to the 
liquid crystal display device. Furthermore, the self-emission device has a wider 
viewing angle. Accordingly, the light-emitting device can be applied to a display 
portion in various electronic devices. 

Such electronic devices include a video camera, a digital camera, a 
10 goggles-type display (head mount display), a navigation system, a sound 
reproduction device (a car audio equipment and an audio set), note-size personal 
computer, a game machine, a portable information terminal (a mt)bile computer, a 
portable telephone, a portable game machine, an elcctunaic bcxik, or the like), an 
image reproduction apparatus including a recording medium (more specifically, an 
15 apparatus which can reproduce a recording medium such as a digital video disc 
(DVD) and so forth, and includes a display for displaying the reproduced miage) , or 
the like. In particular, in the case of the portable information terminal, use of the 
light-emitting device is preferable, since the portable information terminal that is 
likely to be viewed from a tilted direction is often required to ha\-e a wide viewing 
20 angle. Figs. 16A to I6H respectively show various specific exaiaiples ot such 
electronic devices. 

Fig, 16A illustrates an electro-luminescence display dex'ice which includes a 
frame 2001, a support table 2002, a display portion 2003, a speaker portion 2004, 
a \-ideo input terminal 2005 or the like. The present inventitm is applicable to the 
25 di.splay portion 2003. The light-emitting device is of the self- emission type and 
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therefore requires no back light. Thus, the display portion thereof can have a 
thickness thinner than that of the liquid cr>'stal display device. The electro- 
luminescence display device is including all of the display device for displaying 
information, such as a personal computer, a receiver of TV broadcasting and an 

5 advertising display. 

Fig. 16B illustrated a digital still camera which includes a main body 2101, a 
display portion 2102, an image receiving portion 2103, an operation key 2104, an 
external connection port 2105, a shutter 2106, or the like. The light-emitting 
device in accordance with the present invention can be used as the display portion 

10 2102. 

Fig. 16C illustrates a laptop (note-size) computer which includes a main body 
2201, a casing 2202, a display portion 2203, a keyboard 2204, an external 
connection port 2205, a pointing mouse 2206, or the like. The light-emitting device 
in accordance with the present invention can be used as the display portion 
15 2203. 

Fig. 16D illustrated a mobile computer which includes a main body 2301, a 
display portion 2302, a switch 2303, an operation key 2304, an infrared port 2305, 
or the like. The light-emitting device in accordance with the present invention can 
be used as the display portion 2302. 

20 Fig. 16E illustrates an image reproduction apparatus including a recording 

medium (more specifically, a DVD reproduction apparatus), which includes a mam 
body 2401, a casing 2402, a display portion A 2403, another display portion B 2404, 
a recording medium (DVD or the like) reading portion 2405, an operation kev 
2406, a speaker portion 2407 or the like. The display portion A 2403 ls used mainly 

2 5 for displaying image information, while the display portion B 2404 is used mainly fcu- 
displaying character information. The light-emitting device in accordance with the 

70 



present invention can be used as these display portions A and B, 2403 and 2404. 
The image reproduction apparatus including a recording medium further includes 
a game machine or the like. 

Fig. 16F illustrates a goggle type display (head mounted display) which includes 
5 a main body 250 1 , a display portion 2502, an arm portion 2503 . The light-emitting 
device in accordance with the present invention can be used as the display portion 
2502. 

Fig. 16G illustrates a video camera which includes a main body 260 1, a display 
portion 2602, a casing 2603, an external connecting port 2604, a remote control 
10 receiving portion 2605, an image receiving portion 2606, a battery 2607, a sound 
input portion 2608, an operation key 2609, or the like. The light-emitting device 
in accordance with the present invention can be used as the display portion 
2602. 

Fig. 16H illustrates a mobile phone (cellular phone) which includes a main 
15 body 2701, a casing 2702, a display portion 2703, a sound input portion 2704, a 
sound output portion 2705, an operation key 2706, an external connecting port 
2707, an antenna 2708, or the like. The light-emitting device in accordance with 
the present invention can be used as the display portion 2703. Note that the 
display portion 2703 can reduce power consumption of the portable telephone by 
20 displaying white-colored characters on a black-colored background. 

When the brighter luminance of light emitted from the organic compound 
layer becomes available in the future, the light-emitting device in accordance with 
the present invention will be applicable to a front-type or rear-type projector in 
which light including output image information is enlarged by means of lenses or the 
25 like to be projected. 

The aforementioned electronic devices are more likely to be used for display 
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Information distributed through a telecommunication path such as Internet, a 
CATV (cable television system), and in particular likely to display moving picture 
information. The light-emitting device is suitable for displaying moving pictures 
since the organic compound material can exhibit high response speed. 
5 A portion of the light-emitting device that is emitting light consumes power, 

so it is desirable to display information in such a manner that the light-emitting 
portion therein becomes as small as possible. Accordingly, when the self-emission 
device is applied to a display portion which mainly displays character information, 
e.g., a display portion of a portable information terminal, and more particular, a 

10 portable telephone or a sound reproduction device, it is desirable to drive the light- 
emitting device so that the character information is formed by a light-emitting 
portion while a non-emission portion corresponds to the background. 

As set forth above, the present invention can be applied variously to a wide 
range of electronic devices in all fields. The electronic device in the present 

15 embodiment can be obtained by utilizing a light-emitting device having the 
configuration in which the structures in Embodiments 1 through 1 1 are freely 
combined. 

With the above structure, the present invention can prevent lengths of sub- 
frame periods from being shortened when the number of sub-frame periods in one 
20 frame period is increased. Accordingly, the invention can prevent a period for 
inputting digital video signals to pixels (a writing period) from being shortened and 
can increase the number of sub-frame periods while avoiding too high drive 
frequency of a source signal line driving circuit. 

Thus a high gradation image can be displayed while avoiding lowering of frame 
25 frequency and too high drive frequency of the source signal line driving circuit. 

Unlike a general area division driving method, sub-pixels in the present 
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invention have almost the same pixel pitch. In a general area division driving 
method, design is made by setting the design rule for the smallest sub-pixel and it 
is therefore difficult to raise the definition. On the other hand, although a light 
emitting device of the present invention can raise the definition, the pixel pitch of 
the sub-pixels is almost the same when the gradation number is increased. 

In a light emitting device of the present invention, a sub-frame period may be 
divided and other sub-frame periods or a period in which no image is displayed 
(non-display period) may be interspersed between the divided sub- frame periods, not 
successively starting the divided sub-frame periods. In a non-display period, light 
emitting elements in all of the pixels in the pixel portion do not emit light. 

The animation pseudocontour can be avoided by the abtn-e structure. 

Furthermore, in the light emitting device of the present invention, the length 
of one sub-frame period is not shortened even when a sub-frame period is divided 
to avoid the animation pseudocontour. The drive frequency of the source signal 
line driving circuit is thus prevented from increasing. 
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